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African people’s lives are defined by various ritual practices. At funerals a cleansing ritual is performed 
to wash away bad omens attracted at the cemetery. This ritual entails the washing of hands in a 
communal hand washing bowl of standing water outside the gate of the bereaved family’s house. 
Many mourners wash their hands in the same bowl without replenishment of the water. Depending on 
mourners’ hygiene practices, they introduce microorganisms into the water during the ritual. These 
microorganisms may be pathogenic or of faecal origin. Because mourners allow their hands to air dry 
and traditionally eat their funeral meal with their bare hands, they are at risk of ingesting pathogens. 
Therefore, the aim of this study was to investigate the microbial quality of communal hand washing 
ritual water at 42 African funerals in the Mangaung region of Central South Africa. 
Microbial water quality was determined for water samples collected from the yard tap (the control), 
and from a communal hand washing bowl before and after the ritual. Total aerobic bacteria were 
enumerated using the heterotrophic plate count (HPC) method, while coliform bacteria and 
Escherichia coli were enumerated using the Colilert-18 method. Residual free chlorine was also 
determined as an indicator of efficacy of the disinfection process. A health potential index (HPI) that 
describes the potential health threat of a water sample was also calculated for each sample. 
Residual free chlorine levels, HPC values, number of coliforms and number of E. coli were all within 
the prescribed limits for all yard tap samples. Free chlorine levels were mostly less than the prescribed 
limit for more than 50% of the samples taken before the ritual, while all samples taken after the ritual 
had less free chlorine than prescribed. Percentages of funerals with compliant water samples taken 
from the bowls before the ritual were for HPC, 95.2%, for coliforms, 78.6% and for E. coli, 88.0%. This 
demonstrates that some bowls were contaminated before the commencement of the ritual. A 
substantial decline in water quality was evident for the samples collected after the ritual. The 
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percentage of compliant funerals for the water samples taken from the bowls after the ritual were for 
HPC, 45.2%, for coliforms, 2.4% and for E. coli, 47.6%. 
The calculated HPI also showed that all the yard tap water samples were safe. The water samples 
collected before and after the ritual showed an increase in the number of samples that posed an 
intermediate or high health threat to mourners. For the samples collected before the ritual, 7.1% 
funerals posed an intermediate threat and 7.1% funerals posed a high threat to mourners. For the 
samples collected after the ritual, 26.2% funerals posed an intermediate threat and 59.5% funerals 
posed a high threat to mourners. 
This study supports the notion that the water in the bowls used for the hand washing ritual were 
contaminated before the ritual, which can only be attributed to prior contamination of the bowls before 
or during the preparation of the ritual water. Usually the bowls are also used for other domestic 
purposes, which could have contributed to the contamination of the bowls. Furthermore, the high levels 
of faecally derived microorganisms in this ritual water may also be indicative of a lack of proper hand 
hygiene practices by the people preparing the water. The high levels of faecally derived 
microorganisms in the water after the performance of the ritual are indicative of the introduction of 
microorganisms by the hands of the mourners during the ritual. This evidence supports the idea that 
proper hand hygiene practices were not observed by a large number of mourners. Mourners are thus 
at risk of being exposed to harmful pathogens, when eating the funeral meal with their bare hands.  
This study strongly suggests that hand washing ritual practices at African funerals have the potential 
for disease transmission convergence. This study has shown that disease transmission could be 
linked to poor hand sanitation and poor personal hygiene practices, which puts mourners in a 
vulnerable position, particularly children, the elderly and the immune-compromised.  
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Chapter 1  
Introduction 
1.1 Introduction 
African people have great respect and honour for their traditional rituals and symbols. African people’s 
lives are defined by various ritual practices. Rituals are considered to be a way of expressing their 
beliefs. They perform rituals to strengthen their relations and interactions with family members who 
have died and believe that they have passed over to the afterlife (Kastenbaum 2003). Dead family 
members become the respected ancestors in African cultures and it is believed by the living that 
ancestors are watching over the living and protecting them (Kastenbaum 2003). 
In African culture it is also believed that people visiting the cemetery will invite bad omens and become 
unclean. Therefore, people that visit the cemetery will perform a cleansing ritual of self-purification 
once they have returned from the cemetery to remove bad omens. This cleansing ritual involves the 
washing of hands in a communal hand washing bowl that is placed outside the gate of the bereaved 
family’s house. Mourners rinse their hands in a communal hand washing bowl of standing (stagnant) 
water that may contain pieces of cut aloe leaf (Kastenbaum 2003). Many African people believe that 
aloe will remove bad omens during self-purification.  
The communal hand washing bowl will remain outside the gate of the bereaved family’s house for the 
duration of the funeral without replenishment of the water. Hand washing is conducted in groups of 
three to six people at a time before mourners enter the bereaved family’s house to enjoy the funeral 
meal, before their departure and return to their homes (Kastenbaum 2003). Once the mourners had 
completed the cleansing ritual; the shovels used at the cemetery will also be cleansed by sprinkling 
them with the water from the communal hand washing bowl. Africans believe that the water in the 
© Central University of Technology, Free State
C h a p t e r  1 :  I n t r o d u c t i o n   P a g e  | 2 
 
communal hand washing bowl contains all the washed off dirt and bad omens gathered by the 
mourners at the cemetery.  
Once mourners returned from the cemetery, they are invited to the bereaved family’s house for the 
funeral meal. The meal is offered as a token of appreciation from the bereaved family to the mourners. 
According to African culture, people are expected to consume the food with their bare hands. When 
mourners wash hands in the communal hand washing bowl of standing water, microorganisms are 
introduced into the water. The load of microorganisms increases as more mourners continue to wash 
their hands. The concentration of microorganisms will depend on the personal hygiene maintained by 
the mourners (Abd-Elaleem et al. 2014). Because mourners eat with their bare hands, they may now 
be exposed to harmful microorganisms that have been transferred to their hands during the hand 
washing ritual (O’Toole et al. 2009). Washing of hands in the communal hand washing bowl could 
potentially become a source for the transmission of harmful microorganisms, which include faecal and 
coliform bacteria as well as a wide spectrum of other pathogenic microorganisms.  
Water-borne diseases are typically caused by enteric pathogens which are transmitted via the faecal–
oral route (Barna & Kádár 2012). Faecally derived microorganisms are excreted with faeces and 
indirectly consumed by unsuspecting individuals in a form of faecally contaminated water or food. 
Other pathogens, which are not necessarily faecally excreted, can also be transmitted by water. These 
are opportunistic pathogens which may be part of the normal flora on the human body (Moosavi & 
Lofti 2009). These types of pathogens can then be released into the water from wounds, lesions or 
ulcers found on a person’s hands. Furthermore, the dirt that accumulates on hands and underneath 
nails of people may also introduce harmful microorganisms into the communal hand washing bowls 
used for the hand washing rituals at African funerals.  
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1.2 Aim and objectives 
From personal experience and newspaper reports (Maletsky 2007; Hlungwani et al. 2010; Lamond & 
Kinyanjui 2012) it is known that many people attending African funerals become ill after the funerals. 
These people typically demonstrate symptoms of diarrhoeal related diseases. No empirical study of 
the potential transfer of harmful microorganisms via the communal hand washing bowls at African 
funerals could be found after an extensive search of the literature. Therefore, the aim of this study was 
to investigate microbial quality of communal hand washing ritual water at African funerals in the 
Mangaung region of Central South Africa. 
In order to address this aim, the following objectives were devised: 
 
 To liaise prior to water sample collection with a funeral undertaker, whom communicated with 
the bereaved family and obtained written permission for the collection of water samples;  
 To collect water samples at funerals from the municipal water supply yard tap on the premises 
and communal hand washing bowls before and after the hand washing ritual; 
 To determine the microbiological quality of the water samples, together with the measurement 
of free residual chlorine;  
 To attempt to count the number of mourners that had washed their hands in the communal 
hand washing bowls; and  
 To statistically analyse the data and draw conclusions. 
1.3 Layout of the dissertation 
The dissertation is partitioned into six chapters, namely: 
Chapter 1: Introduction 
  In this chapter, the research project is introduced, the problem, aim and the  
  objectives stated. 
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Chapter 2: Literature Review 
  In this chapter, a comprehensive review of the literature pertaining to use of water in 
  African rituals, particularly at African funerals, is presented. The importance of water 
  quality and potential dangers of contaminated water used in rituals are highlighted. 
Chapter 3: Materials and Methods 
  In this chapter, all materials and methods used in this research project is presented. 
Chapter 4: Quality of Ritual Water Used at African Funerals 
In this chapter, the microbial quality of the hand washing water used at 42 African 
funerals in the Mangaung Metropolitan Municipality is presented. 
Chapter 5: Health Potential Index of Ritual Water Used at African Funerals 
In this chapter, the formulation of a Health Potential Index (HPI) is presented. The 
results of the application of the HPI on the microbial quality of the water samples, 
collected at 42 African funerals, is presented.   
Chapter 6: Discussion and Conclusion  
  In this chapter, an overall discussion of the microbial quality of the hand washing  
  ritual water used at 42 African funerals in the Mangaung Metropolitan Municipality is 
  presented together with concluding remarks. 
References: The references of this dissertation were generated with the reference manager  
  Mendeley.  
Annexure: Letter of permission in presented.  
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Chapter 2  
Literature Review 
2.1 Introduction to African rituals  
In the lives of the African people, rituals and symbols play an important role (Mankga 2013). Through 
rituals, tribes of African people express their beliefs and culture, thereby keeping their social structure 
intact. Although there are many definitions and descriptions of rituals, generally, a ritual can be 
described as a sequence of activities performed by any tribe or individual, involving gestures, words 
and objects at predestined places, depending upon the particular ritual (Castle & Phillips 2003).  
African rituals differ across cultures and tribes. Rituals give a symbolic expression of certain feelings 
and thoughts of individuals or groups of individuals (Castle & Phillips 2003). In African culture, rituals 
are perceived as a form of identity for African people and the manner in which they live their lives. 
Even though some ritual practices may be common across different African tribes, there are a number 
of rituals which can separate one tribe from another in terms of how they are performed.   
Generally rituals are performed at different stages of life for particular purposes. Some of these rituals 
include the introduction of a new baby in a family, the celebration of the rite of passage of females and 
males from childhood entering into adulthood, the performance of the rite of marriage, and the journey 
to the afterlife  (Bruce & Yearley 2006). African people will also perform rituals when they ask for 
blessings and for protection in life, or when they perform thanksgiving ceremonies (Cocks & Dold 
2008). 
In most African cultures, when a baby is born the family must perform a ritual to introduce the new 
member to the ancestors and also to ask for protection from any harm, especially harm that can be 
brought by witchcraft and evil spirits (Cocks & Dold 2008). At these rituals the families slaughter 
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animals; according to the rules of a particular tribe (Cocks & Dold 2008). The shedding of the animal’s 
blood is perceived as a symbol of communication with the family’s ancestors. In some cultures when 
a baby is born, rituals to safeguard the new-born are also performed. These rituals protect the growing 
child from fearful circumstances, intimidation and ridicule (Abid 2014). If the ritual is performed soon 
after childbirth, it is believed that the growing child will be able to confront any adversary. In tribes of 
the Xhosa nation, smoke of burning leaves of a ‘sifudu’ tree is used in this safeguarding ritual. This 
ritual is performed by passing a baby through the smoke and strong aroma caused by the burning 
leaves (Abid 2014). The baby’s head is held downwards into the smoke and the baby is turned around 
several times. After completing this act, the baby is handed back to the mother who is seated close 
by. She then swiftly passes the baby over and under her legs (Abid 2014). Thereafter, the baby is 
washed and then coated with a white substance called ‘ingceke’, which is collected from a river bank 
and mixed with grounded ‘mtomboti’ wood (Abid 2014). The tribe believes that the strong pleasant 
odour of the ‘mtomboti’ wood will cling to a baby’s body repelling any evil spirits that may attack the 
baby (Abid 2014). 
In the culture of Basotho people, when a woman gives birth, the baby’s gender is announced to the 
father in a unique way. Traditionally, the relatives and friends of the family will pour water over the 
baby’s father if it is a girl, but if it is a boy he will be beaten with sticks (Ntšihlele 2003). The different 
acts of the ritual symbolises the future life of the new-born. The water pouring act symbolises the 
domestic duties of a female, while the beating act symbolises the warrior and protection duties of a 
male in the family (Ntšihlele 2003). Thereafter, the mother and baby remain in the house for at least 
three months after birth. The seclusion is ended when the baby is brought outside and introduced to 
his or her first rainfall.  
The rite of passage from childhood to adulthood is a ritual that has been practiced by most African 
tribes for many years and differs from tribe to tribe (Bruce & Yearley 2006). This ritual prepares young 
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adolescent females and males for adulthood. The rituals are performed separately for females and 
males in a secluded location, usually away from the public. During the period of seclusion, young 
females and males are taught skills for adulthood. After the period of seclusion, the adult females and 
males are reintroduced into the community with a graduation ceremony. The ceremony is 
accompanied by the slaughtering of an animal, enjoyment of food and traditional dancing. The 
shedding of the slaughtered animal’s blood symbolises the invitation and attendance of the ancestors. 
Many traditions surround marriage in African cultures. Usually when a man has identified a potential 
bride, delegates from his family will undertake ‘lobola’ negotiations with delegates of her family (Zibani 
2002; Nkosi 2011; Semenya 2014). Once a price agreement has been reached for the ‘lobola’, it is 
paid either in the form of live head of cattle or money representing the value of the cattle (Zibani 2002; 
Nkosi 2011; Semenya 2014). After payment of the ‘lobola’ has been made, the preparations for the 
wedding ceremony commences. On the wedding day, animals are slaughtered and gifts are 
exchanged. After welcoming the new bride into her husband’s family, she is renamed and shares her 
first meal with his family (Semenya 2014). After the celebrations have concluded the bride will 
accompany her husband to his house. 
African people are firm believers in the existence of their ancestors and the possibility of new life after 
death. When a family member dies, a funeral is accompanied by several rituals which are performed 
to send the deceased person’s spirit to the world of the afterlife (Baloyi & Makobe-Rabothata 2013). 
These rituals are performed to ensure that the deceased’s spirit is properly reincarnated with the 
ancestors in the afterlife (Baloyi & Makobe-Rabothata 2013). The deceased members of a family are 
regarded as the family’s ancestors who offer guidance and protection to the living (Nyawose 2000). 
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2.2 African death rituals 
Various death rituals are performed according to traditions of different African tribes. After the 
announcement of a death in a family; extended family members, friends and community members visit 
the deceased’s house to offer their support to the family, particularly to the chief mourner  
(Kastenbaum 2003; Mankga 2013). In the more rural areas, the windows of the bereaved family’s 
house may be coated with an ash and water mixture to announce a death in the family (Kastenbaum 
2003). The chief mourner is usually a close female relative of the deceased, for example, a wife, a 
mother or an important female elder (Tshapa 2016). All female mourners are expected to cover their 
heads and shoulders as a symbol of mourning and respect for the dead. The chief mourner sits on the 
floor on a mattress in the bedroom of the deceased with other mourning woman (Kastenbaum 2003). 
The clothing of the deceased is kept together with these mourners in the room. A candle is lit and kept 
burning until after the funeral service (Setsiba 2012; Tshapa 2016). The burning candle symbolises 
life and provides light for the deceased person’s journey to the afterlife. 
Prayer services are held at the bereaved family’s house until the day of the funeral to provide spiritual 
support and comfort to the grieving family and friends (Kastenbaum 2003). A few days before the 
funeral service, some family members will visit the funeral undertaker to prepare the deceased by 
washing and clothing the body. On the day before the funeral service, some members of the family 
will fetch the coffin containing the deceased’s body and place it in the room where the mourning 
women are seated (Kastenbaum 2003; Mapaya & Mugovhani 2014). This is followed by the 
slaughtering of an animal and the preparation of food to be served at the funeral (Mankga 2013; Kgatla 
2014). It is believed that the shedding of an animal’s blood plays an important role in reincarnating the 
deceased with the ancestors (Kgatla 2014). 
On the night before the funeral service, a vigil or prayer service will be held at the bereaved family’s 
house (Nyawose 2000; Kastenbaum 2003). On the morning of the funeral the coffin will be opened for 
© Central University of Technology, Free State
C h a p t e r  2 :  L i t e r a t u r e  R e v i e w    P a g e  | 9 
 
the family and friends to view the deceased so that they can pay their last respects and say farewell. 
After viewing, the coffin is closed and taken to the place where the funeral service will be held. Services 
are usually performed at the house of the deceased, at the church, or at a community hall (Nyawose 
2000). Because African funerals are community affairs, many mourners will attend a funeral to pay 
their last respects to the deceased and to show support to the grieving family (Kastenbaum 2003; 
Mapaya & Mugovhani 2014). 
After the funeral service, the coffin is taken to the cemetery. Depending on particular cultural practices 
of the family, a cattle hide or sheep skin of the slaughtered animal may be used to cover the coffin 
(Kastenbaum 2003; Kgatla 2014). In some instances a new blanket is used to cover the coffin after it 
has been lowered into the grave (Nyawose 2000; Mapaya & Mugovhani 2014). The covering of the 
coffin represents a blanket that will provide warmth to the deceased. After the lowering of the coffin, 
men take turns to cover the coffin with soil (Nyawose 2000; Mankga 2013). 
While mourners are at the cemetery, women continue with the preparation of the funeral meal and the 
preparation of water for the cleansing ritual. A cleansing ritual is practiced in most African tribes by 
mourners when they return from the cemetery. The women who remained at the bereaved family’s 
house prepare bowls of water for the cleansing ritual. Usually two bowls are filled with water and often 
cut aloe pieces are added to the water (Kastenbaum 2003). Amongst African people, aloe is perceived 
to play an important role during any form of cleansing ritual. In some Zulu tribes, a small portion of the 
chime and bile from the slaughtered animal will be poured into water for the hand washing ritual 
(Nyawose 2000). These water bowls are then placed outside the gate of the bereaved family’s house 
until the cortege returns to the house from the cemetery (Kastenbaum 2003). When the mourners 
arrive at the house, before entering the yard, mourners will in turn wash their hands in one of the 
communal hand washing bowls placed outside the gate (Maloka 1998; Yawa 2010; Mankga 2013). 
Usually, washing of hands takes place in groups of three to six people (Countries and their culture, 
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n.d.). Hand washing takes place without any form of replenishment of the water in the communal hand 
washing bowls. This ritual is practiced because African people believe that any visit to a cemetery will 
attract bad omens linked to death, which will surround them and bring about bad luck (Maloka 1998; 
Yawa 2010). If the bad omens and dust of the cemetery are not washed off by performing a ritual, the 
bad omens will always stay at the bereaved family’s house and follow mourners back to their homes 
(Figure 2.1). The hand washing ritual must, therefore, be performed before the mourners enter the 
yard and accept the funeral meal, which is traditionally consumed with bare hands. The spades used 
to cover the grave with soil are placed outside the yard and once mourners have completed the 
cleansing ritual, the spades will be cleansed by sprinkling the water from the communal hand washing 
bowl (Nyawose 2000). Because it is believed that the hand washing ritual water contains bad omens 
and dirt, this water is disposed of outside the gate of the bereaved family’s house.   
 
(a)         (b)             (c)    
Figure 2.1 African burial rituals; (a) covering of the grave with soil, (b) hand washing  
  ritual at communal hand washing bowl and (c) mourners enjoying the funeral 
  meal  
2.3 Hand contamination  
2.3.1 Introduction 
In the world, various religious and cultural groups perform some or other form of cleansing. These 
practices are performed for various reasons, which may be for hygienic purposes, ritualistic reasons 
or for symbolic reasons (Allegranzi & Pittet 2009). Hand cleansing practices are prominent amongst 
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most religious and cultural groups (Allegranzi & Pittet 2009; Mishra et al. 2013). In various religions, 
believers perform cleansing practices before praying (Allegranzi & Pittet 2009). For example, in 
Christianity, these cleaning practices symbolises the washing away of sin and attaining the level of 
purity (Zhong & Liljenquist 2006).  
At African funerals, many attending mourners participate in a hand washing ritual. The large number 
of mourners that attend an African funeral can be viewed as a planned mass gathering (WHO 2008; 
Abubakar et al. 2012). At such events the potential occurrence of communicable disease increases, 
because of the gathering of so many mourners from diverse areas (Memish et al. 2014). These 
mourners washing their hands in a communal hand washing bowl are people with a wide range of 
hygiene complexities, age, health and susceptibility to illness. (Al-Tawfiq et al. 2016). Of particular 
concern is the hand washing ritual performed at the bereaved family’s house prior to the enjoyment of 
the funeral meal. 
People are exposed to a great variety of microorganisms in their homes and community. Some of 
these microorganisms may be pathogenic and could cause infectious diseases (Bloomfield et al. 
2007). Substantial evidence exists that suggests a causal link between hand washing and infection 
(Bryn et al. 1995). Hands can gather dirt and contaminants such as microorganisms directly or 
indirectly; through contact with various contaminated sources; for example through touching surfaces, 
other humans and by using contaminated water (Jumaa 2005; Lingaas & Fagernes 2009; Dodrill et 
al. 2011). Thus, it has been recognised that hands play a major role in the transmission of infectious 
diseases (Jumaa 2005). Hand washing has been shown to be an important means to reduce the 
transmission of infectious diseases (Aiello et al. 2008; Istenes et al. 2013). It has been estimated that 
using soap when washing hands could save a million lives a year (Jumaa 2005). However, there is a 
lack of understanding of the role of hand hygiene and the spreading of infectious diseases, particularly 
in developing countries (Anargh et al. 2013; Ataei et al. 2013; FitzGerald et al. 2013).  
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2.3.2 Hands and microbial populations 
The microbial population of human skin is diverse. Although evidence has shown that skin microbial 
populations differ from person to person, they remain relatively uniform for an individual (Jumaa 2005). 
The number of microorganisms on intact areas of skin of the same person can vary from 100 to 
106/cm2 (Jumaa 2005). Skin microbial populations can be divided into two categories; the resident 
group and the transient group. The resident group of microorganisms are generally associated with 
the deeper layers of the skin, such as the sebaceous glands. Hand hygiene treatments are not 
effective on these microorganisms (Jumaa 2005). Transient skin microorganisms colonise the 
superﬁcial layers of the skin and may be removed through hand hygiene preparations. 
The resident microbial population group consists mainly of coagulase-negative staphylococci, 
Corynebacterium spp. and anaerobes, such as Propioni bacterium spp. (Jumaa 2005). These 
microorganisms rarely cause infections. The transient group of microorganisms, on the other hand, 
can be transferred by direct contact between humans (WHO 2009) and contact with inanimate objects 
and surfaces (Lopez et al. 2013; Nwankwo et al. 2014). Transient microbial populations include 
microorganisms that are often associated with nosocomial infections. Because viruses are not 
considered as part of a normal microbial population, they are included as transient or contaminating 
microorganisms (Jumaa 2005).  
2.3.3 Faecal hand contamination 
Hands harbour many microorganisms, most often of faecal origin. Faecally derived microorganisms 
are one of the major causes of diarrhoea, particularly in developing countries (Bryn et al. 1995). 
Diarrhoea remains the second leading cause of death among children under five year of age globally 
(Veneman & Chan 2009).  
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Most microorganisms that cause diarrhoea in an infected person has a similar mode of transmission. 
The route of transmission of microorganisms of faecal origin is faecal-oral (Veneman & Chan 2009). 
Faecal-oral transmission of disease occurs when faecal microorganisms are passed from one host 
and introduced into the oral cavity of another host. The process whereby transmission is accomplished 
may be simple or relatively complex. For example, faecal microorganisms may be transmitted via 
faecally contaminated water, food, surfaces, soiled nappies or vectors such as houseflies, to the hands 
of a host. Through oral contamination, this could lead to disease. One of the main causes of faecal-
oral disease, such as diarrhoea, in developing countries is a lack of sanitation, particularly hand 
sanitation (Bryn et al. 1995).  
Normal bacterial flora of the gastrointestinal tract consists of a wide range of microorganisms. The 
gastrointestinal tract is a complex ecosystem containing over 400 bacterial species (Gorbach 1996). 
Gastrointestinal microorganisms include anaerobic organisms, Gram-negative species of the 
enterobacteriaceae family, as well as Gram-positive enterococci. Common species of the 
enterobacteriaceae family include Escherichia coli, Klebsiella, Enterobacter and Proteus (Dodrill et al. 
2011). The gastrointestinal flora also includes low populations of potentially pathogenic organisms 
such as Clostridium difficile. The spread of enteropathogens is evident by the recovery of faecally 
derived microorganisms from people’s hands (Laborde et al. 1993). Viruses, such as rotavirus and 
calicivirus, are also known for their diarrhoeal causing properties in humans (Gorbach 1996). In a 
study that was conducted in five cities in the United Kingdom, faecal bacteria were detected on the 
hands of 28% of 404 commuters using public transport (Judah et al. 2010). Particularly, more men 
had faecally contaminated hands than woman in this study. In another study that took place in 20 
schools in Leeds, United Kingdom, faecal bacteria were isolated from the hands of school children 
and from environmental surfaces. It was found that children from schools, with a history of 
gastrointestinal disease, demonstrated higher hand counts of the faecal indicator organisms than 
children from schools where such outbreaks had not been reported (Kaltenthaler et al. 1995).  
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2.3.4 Human interaction in hand contamination 
Hands play a major role in human interaction and the transfer of microorganisms from one person to 
another. Hands harbour different amounts and types of microorganisms depending on a person’s 
occupation, location and hand hygiene habits (Mela & Whitworth 2014). People tend to touch their 
own bodies, transferring microorganisms from various parts of their bodies to their hands. In most 
cultures various forms of greeting involves touching, for example, ritualistic touching of another 
person’s body, hugging and handshaking (Mela & Whitworth 2014). Greeting in this manner may act 
as a potential vector for pathogenic microorganisms and cross infection between individuals (Ghareeb 
et al. 2013; Sklansky et al. 2014). The extended duration and the grip strength applied by people 
during handshaking seemingly increases the intimacy of association between hands, which in turn 
increases the potential of transmission of microorganisms between hands (Mela & Whitworth 2014). 
It has been demonstrated that the spores of Clostridium difficile, a common cause of diarrhoea, can 
be transferred between individuals during handshaking (Sklansky et al. 2014). These types of human 
contacts have been implicated in community-acquired pneumonia causing more than 60 000 deaths 
annually in the United States of America (File & Marrie 2010). 
A further important human interaction that is implicated in hand contamination involves the care of 
patients. Besides caregivers, family members and friends are all at risk of being exposed to pathogenic 
microorganisms, particularly through touching and greeting. Thus, with poor hand hygiene practices 
these people could further transmit pathogenic microorganisms to other people (WHO 2009). Hand 
hygiene is considered as a leading measure for preventing the spread of pathogenic microorganisms 
including healthcare associated infections (Allegranzi & Pittet 2009). 
2.3.5  Food and hand contamination 
Foodborne illnesses, often referred to as food poisoning, results from the spoilage of food through 
contamination by microorganisms. Food contamination is caused through microorganisms which are 
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commonly present in kitchens and in the household environment (Macias-Rodriguez et al. 2013). 
Contamination of food occurs through handling, particularly raw food, and through food being exposed 
to contaminated surfaces and equipment in kitchens. The survival and multiplication of 
microorganisms in kitchens and household environments are favoured by the moist conditions, the 
availability of nutrients and the storage of food at room temperatures (Gorman et al. 2002; Macias-
Rodriguez et al. 2013). Hands of food handlers have also been implicated as vectors in the spread of 
foodborne illnesses, mainly because of inadequate personal hygiene practices, and account for 
approximately 97% of foodborne illnesses resulting from kitchen and household environments 
(Lambrechts et al. 2014; Faour-Klingbeil et al. 2015). 
Amongst microorganisms found in kitchen and household environments, pathogenic bacteria form a 
major source of foodborne illnesses (Newell et al. 2010). Therefore, improper handling, preparation 
or storage of food encourages the growth of pathogenic bacteria in food. Such microorganisms include 
Listeria spp., E. coli, Salmonella spp., Staphylococcus aureus, Campylobacter jejuni and Bacillus 
cereus (Josephson et al. 1997; Alwakeel 2007; Chavatte et al. 2014; Yu et al. 2016). The 
implementation of good hygiene practices before, during and after the preparation of food can 
significantly reduce the potential of food been contaminated by pathogenic bacteria and resultant 
foodborne illnesses. Routine hand washing is considered to be the most effective control measure 
against the spread of foodborne illnesses (Chavatte et al. 2014).   
The occurrence of foodborne outbreaks has had a significant impact on public health systems 
worldwide. In 2011 it was estimated for the USA that domestically acquired foodborne outbreaks were 
responsible for approximately 47.8 million illnesses, 127 839 hospitalisations and 3 037 deaths (CDC 
2011). The top five pathogens that caused illnesses, hospitalisations and death, included Norovirus, 
Salmonella, Clostridium perfringens, Campylobacter spp. and S. aureus (CDC 2011). In the 
developing world, foodborne illness causes an estimated 2.2 million deaths each year, of which 1.9 
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million are children (FAO/WHO 2005; Farahat et al. 2015). Symptoms related to the foodborne 
outbreaks can vary from mild gastroenteritis to life threatening neurologic, hepatic and renal 
syndromes (Mead et al. 1999). Listeria monocytogenes is one of the most virulent foodborne 
pathogens, with a mortality rate of 20 – 40% in humans, despite early antibiotic treatment (Stylianou 
et al. 2008). When ingesting raw and undercooked food or water containing Toxoplasma gondii 
oocysts, people may become infected with Toxoplasma gondii (Choi et al. 1997). In Korea, two 
separate foodborne outbreaks involving Toxoplasma gondii occurred (Choi et al. 1997). The first 
outbreak resulted because of adults eating a meal consisting of raw spleen and liver of wild pig. Three 
people developed unilateral chorioretinitis within three months of consuming the meat with 
Toxoplasma gondii oocysts (Choi et al. 1997). Similarly, in the second outbreak, five soldiers 
developed lymphadenopathy after consuming infected raw liver of the domestic pig (Choi et al. 1997). 
Food handling and handlers play a prominent role in the spread of pathogenic microorganisms. 
Improper handling and processing food products have been linked to several foodborne outbreaks 
(Tajkarimi et al. 2013). In a study conducted in the Republic of Ireland, it was shown that raw food, 
particularly raw meat, was a major source for the introduction of pathogenic bacteria in the kitchens 
and the household environment. Evidence of cross-contamination of Salmonella, Campylobacter and 
E. coli was found on dishcloths (12%), food handler’s hands (24%), refrigerator handles (4%), oven 
door handles (20%), kitchen counter-surfaces (24%) and draining boards (32%) (Gorman et al. 2002). 
Food handlers can spread foodborne diseases by hand due to poor personal hygiene and unhygienic 
living conditions (Tajkarimi et al. 2013). In a study on 250 nose and 250 hand samples of food handlers 
in 50 restaurants in Kuwait, a total of 174 isolates of staphylococcal species consisting of 174 S. 
aureus and coagulase-negative staphylococci were isolated (Udo et al. 1999). 
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2.3.6 Surfaces, inanimate objects and fabrics in hand contamination 
Both porous and nonporous surfaces and inanimate objects can become contaminated with 
microorganisms that may be pathogenic and thus could serve as vehicles in the transmission of 
infectious diseases (Boone & Gerba 2007; Lopez et al. 2013). There is also strong evidence that 
contaminated surfaces and inanimate objects could play a role in the transmission of viral infections  
(Boone & Gerba 2007). Some of the diseases that are commonly spread by means of surfaces and 
objects include the common cold, cold sores, conjunctivitis, hand-foot-mouth disease, croup, E. coli 
and Staphylococcal infections, Giardia infection, impetigo, influenza, meningitis and rotavirus 
diarrhoea (Nwankiti et al. 2012) . 
Surfaces serve as a potential reservoir of many different pathogens. Transmission of these pathogens 
can be directly, by surface-to-mouth contact, or indirectly, by contamination of fingers and subsequent 
hand-to-mouth, hand-to-eye, or hand-to-nose contact (Lopez et al. 2013). Bodily fluids such as saliva, 
mucus, nasal secretions, blood, urine, and faeces, may also act as potential routes for the 
transmission of pathogens from surfaces.  Several studies have shown that surfaces found in day care 
centres (Barker et al. 2001), schools (Bright et al. 2010), office buildings (Boone & Gerba 2010), homes 
(Fekety et al. 1981), public areas (Reynolds et al. 2005), and hospitals (Huslage et al. 2010) can act 
as reservoirs of pathogens. In a study of nine different surfaces, Lopez et al. (2013) showed that E. 
coli, S. aureus, Bacillus thuringiensis, MS2 coliphage, and poliovirus 1 were transferred through finger 
contact with the surfaces. Rusin et al. (2002) and Lopez et al. (2013) showed that the efficiency of 
transfer of microorganisms from a contaminated surface to the hand increased by about 40% with 
repeated contact.  
Viruses are probably the most common cause of infectious disease that can be acquired in closed 
areas (Barker et al. 2001). Viruses spread rapidly in crowded indoor areas, such as day care centres, 
schools, office buildings and hospitals (Boone & Gerba 2007). Particularly, viruses are shed in large 
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numbers after illness and could contaminate surfaces through direct contact with body secretions or 
fluids, sneezing, coughing, or vomiting, as well through the shaking of a contaminated blanket (Boone 
& Gerba 2007). If viruses remain viable on surfaces for long enough, only a small number is needed 
to infect a host through direct contact (Boone & Gerba 2007). 
Inanimate objects such as phones, public as well as mobile phones, play a major role in the lives of 
most people. These phones may also serve as a means of transmission for infectious diseases  
(Jerković-Mujkić et al. 2013). Microorganisms have been isolated from the mouthpiece, earpiece, 
phone handle, mobile phone with buttons and keyboards, including smart phones (Annand et al., 2009; 
Lee et al., 2013). Microorganisms isolated from phones include Methicillin-sensitive S. aureus, S. 
aureus, Staphylococcus epidermidis, Bacillus spp., Proteus spp., E. coli, Streptococcus spp., 
Klebsiella spp., Enterobacter spp., Acinetobacter spp., Pseudomonas aeruginosa., Enterococcus 
faecalis, coliforms, Micrococcus spp., and Citrobacter spp. (Annand et al. 2009; Girma 2015; Jerković-
Mujkić et al. 2013). A study conducted on the mobile phones of 200 health care workers working in 
operating rooms and intensive care units, revealed that 94.5% of the phones showed evidence of 
microbiological contamination. S. aureus was isolated from 52% of the mobile phones (Ulger et al. 
2009). Some of the mobile phones analysed also contained microorganisms of nosocomial origin. In 
a study in Nigeria, a total of 150 samples were collected from mobile phones of volunteers from the 
university, commercial centres and hospitals. Of the 150 samples analysed 124 showed evidence of 
microbiological contamination, which included E. coli (28.2%), Pseudomonas aeruginosa (22.6%), 
Klebsiella sp. (14.5%), Serratia sp. (13.7%), S. aureus (12.9%) and Proteus vulgaris (8.1%) 
(Famurewa & David 2009). 
Other inanimate objects that have shown to harbour microorganisms are kitchen utensils and various 
items of jewellery. Poor hygiene and improper food preparation practices in the home could lead to 
cross-contamination of kitchen utensils. In a study where inoculated vegetables were cut and grated, 
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microorganisms were transferred to the knife and grater (Erickson et al. 2015). These utensils have 
the potential of contaminating the hands of any user thereafter.  
Wearers of jewellery often demonstrate greater numbers of microorganisms on the skin underneath 
the jewellery (Jumaa 2005). For example, the number of microorganisms increases with the number 
of rings worn. Wearers of rings are at risk of carrying Gram-negative bacilli and S. aureus on their 
hands. Evidence exists that microorganisms found under rings may be carried for many months (Field 
et al. 1996; Trick et al. 2003; Al-Allak et al. 2008). Similarly, the skin underneath wristwatches also 
carries large numbers of microorganisms (Jumaa 2005). 
Kitchen dishcloths and sponges may also act as reservoirs of microorganisms. Dishcloths are 
commonly used to clean surfaces, kitchen equipment and utensils, crockery and cutlery, enhancing 
the potential for cross-contamination between food-related environments (Kusumaningrum et al. 2003; 
Mattick et al. 2003; Scott et al. 2008; Macias-Rodriguez et al. 2013). Dishcloths and sponges have 
been reported to contain populations of bacteria of up to 108 bacteria, which were mostly members of 
Enterobacteriaceae (Gorman et al. 2002). Growth of microorganisms on dishcloths and sponges are 
also stimulated by the humid conditions of these materials (Scott et al. 1982; Erdogrul & Erbilir 2000). 
In a study that was conducted in ten household kitchens in the USA, the prevalence of staphylococci, 
Pseudomonas, coliforms and faecal coliforms were monitored (Josephson et al. 1997; Rusin et al. 
1998). Large bacterial concentrations were detected in basins and kitchen sponges, particularly high 
incidences of faecal coliforms (Josephson et al. 1997). Evidence has been presented demonstrating 
that microorganisms can be transferred from dishcloths and sponges to hands, to other surfaces, as 
well as to food (Scott & Bloomfield 1990). 
Similarly to dishcloths that harbour microorganisms, other fabrics such as clothing are also prone to 
harbouring microorganisms. Studies investigating microorganisms on clothing have focused on 
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hospital staff. Munoz-Price et al. (2012) conducted a study to determine the association between 
bacterial contamination of hands and the uniforms of 119 health care workers working in five different 
intensive care units. The study revealed a strong association between the bacteria present on the 
hands of the health care workers and their clothing. 
Bathrooms, in particular, have plenty of areas that may harbour a wide range of microorganisms. 
Contact with these areas in the bathroom can expose people to infectious diseases. In a study 
conducted in public female bathrooms in Taif in the Kingdom of Saudi Arabia, 260 samples were 
collected from bathroom doors, bathroom handles, hand wash basins, toilet handles and toilet cubicle 
doors. Of the 260 samples, 187 samples were positive for bacterial contamination (Sabra 2013). The 
highest bacterial counts were found on the toilet handles (91.3%) followed by toilet cubicle doors 
(73.8%), hand wash basins (63.3%), bathroom handles (50%) and bathroom doors (35%) (Sabra, 
2013). Of the microorganisms isolated, S. aureus (40.6%) was the most abundant, followed by E. coli 
(22.5%), Bacillus spp. and Klebsiella pneumoniae (21.4%), Enterococcus faecalis (13.4%), 
Citrobacter spp. (9.6%), Pseudomonas aeruginosa (8.6%) and Proteus mirablilis (7%) (Sabra 2013). 
In bathrooms, microbiological contamination mostly occurs during the flushing of a toilet bowl 
(McFadden 2003; Barker & Jones 2005). This occurs through water droplets that are scattered in the 
bathroom. These water droplets are mostly faecally contaminated, but may also contain contaminants 
that originate from urine (Gerba et al. 1975; McFadden 2003). When the droplets settle in various 
areas in a bathroom; these areas may become contaminated. The most frequently affected areas 
include the area underneath the toilet seat, door handle, tap head and floor (McFadden 2003; Sabra 
2013). Infectious diseases may be transferred to a person via direct surface-to-hand-to-mouth contact 
(Barker & Jones 2005). A person with an infectious disease could spread infectious microorganisms 
in a bathroom through droplet spraying (Barker & Jones 2005).  For example, a person suffering from 
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acute diarrhoea may shed >1010 rotaviruses per ml of faeces and the droplets containing the infectious 
virus can be dispersed and settled in different areas in the bathroom (Anderson & Weber 2004). 
2.4 Contamination of water  
Water plays an important role in the life of all living organisms. The former United Nations Secretary-
General, Mr Kofi Annan, stated that “contaminated water jeopardises both the physical and social 
health of all people and it is an affront to human dignity” (Ahmed 2010). Hence, an adequate supply 
of safe water must be available to all living organisms to survive (WHO, 2011a). Water usage in South 
Africa comprise mostly of surface water (77%), re-used of return flows (14%) and a small contribution 
by groundwater (9%) (DWAF 2013).   
Water that is intended for human consumption, amongst other activities, must not present any 
significant risk to consumers. The limits of its physical, chemical and microbial properties must be 
within acceptable health limits (WHO 2011a). In a household, people use water for personal use, 
which includes water for drinking, cooking and hygiene activities. Water in the household is also used 
for a wide range of amenities. These include, amongst others, car washing, lawn watering and window 
cleaning (Howard & Bartram 2003).  
The physical and chemical properties of water may affect its acceptability to consumers. Physical 
properties of water are regarded as those properties that contribute to the aesthetic status of the water 
(DWAF 2001). Physical properties contribute to the taste, odour and final appearance of the water and 
include properties such as temperature, pH, electrical conductivity and turbidity (WHO 2011a). 
Chemical properties, on the other hand, relate to the nature and concentration of dissolved chemical 
substances in the water. The majority of the chemical substances that are present in water occur 
naturally. Although chemical substances are present in domestic water; at high concentrations the 
water may be unpalatable and could cause life threatening illnesses (DWAF 2001). For example, the 
© Central University of Technology, Free State
C h a p t e r  2 :  L i t e r a t u r e  R e v i e w    P a g e  | 22 
 
prolonged exposure to high concentrations of fluoride can cause teeth decay and crippling skeletal 
fluorosis (WHO 2011a). High concentrations of arsenic may cause skin lesions, but also could be 
carcinogenic (WHO 2011a). The presence of nitrate and nitrite in drinking water that is used to prepare 
milk formula for bottle-fed infants has been implicated in the cause of methaemoglobinaemia, also 
known as blue baby syndrome (Fewtrell 2004; Tredoux et al. 2009; WHO 2011a, 2011b). 
Water may be contaminated by various microorganisms originating from environmental sources. 
Runoff and wastewater discharges contribute to organic and inorganic nutrients in fresh water. 
Microorganisms that originate from human and animal faeces include pathogens such as 
Cryptosporidium, E. coli O15:H7, rotavirus, hepatitis E virus and norovirus (formerly known as Norwalk 
virus). Pathogenic bacteria or viruses may also originate from urine.  
The presence of microorganisms in the drinking water can encourage the transmission of infectious 
waterborne diseases to consumers (DWAF 2001). Faecal coliforms are used as indicator organisms 
for microbiological contamination of drinking water and could be indicative of the presence of 
pathogenic microorganisms (Odonkor & Ampofo 2013). The faecal indicator bacterium E. coli, which 
is excreted in the faeces of all warm-blooded animals and some reptiles, is used to elucidate  the 
efficacy of drinking water treatment to remove bacterial pathogens such as those responsible for 
cholera (Vibrio cholerae) and typhoid fever (Salmonella typhi and S. paratyphi) (Edberg et al. 2000; 
Enriquez et al. 2001). There are other enteric pathogens, which behave differently to E. coli in their 
ability to survive harsh environmental conditions and disinfection during drinking water treatment 
process (Ashbolt et al. 2001). Chlorine-resistant parasitic microorganisms such as the oocysts of 
Cryptosporidium parvum and various enteric viruses survive chlorine treatments for drinking water 
(Ashbolt 2004; Hambidge 2001). Cryptosporidium oocysts are especially resistant in environmental 
waters, and can survive for more than a year in optimal conditions (Rogers & Haines 2005). 
© Central University of Technology, Free State
C h a p t e r  2 :  L i t e r a t u r e  R e v i e w    P a g e  | 23 
 
In developed countries, water-related diseases have largely been eliminated with sporadic outbreaks 
still persisting. During the period from 2011 to 2012, 32 drinking water-associated outbreaks were 
reported in the USA, amounting to at least 431 cases of illnesses, with 102 hospitalisation and 14 
deaths recorded (Beer et al. 2015). Norovirus was implicated in an outbreak involving 138 cases with 
no hospitalisation or death reported (Beer et al. 2015). However, in developing countries the burden 
of water-related diseases continues to persist (Gleick 2002). Diarrhoeal diseases remain a leading 
cause of illnesses and death, especially in children under the age of five years (Kosek et al. 2003). 
Water-related diseases include, waterborne diseases which are diseases associated with ingestion of 
water contaminated by human or animal faeces.  
In many developing countries, including South Africa, many communities lack access to reliable 
sources of clean water or well developed sanitation services (Aziz et al. 2015). Particularly in rural 
areas, people collect drinking water from contaminated water sources shared with animals. In these 
communities drinking water is a major source of microbial pathogens, which exposes the communities 
to the risk of enteric pathogen infection (Ashbolt 2004). Human pathogenic microorganisms often 
detected in surface water include rotavirus (Lodder et al. 2010; Verheyen et al. 2009), Shigella 
(Faruque et al. 2002), Vibrio (Alam et al., 2006) and pathogenic E. coli (Begum et al. 2007; Ferguson 
et al. 2012; Momba et al. 2006). For a long time, it was believed that groundwater was safe for drinking 
without any further treatment. However, recent studies have revealed the presence of pathogenic 
microorganisms in groundwater, which include enteric viruses (Borchardt et al. 2003; Gibson & 
Schwab 2011; Wampler & Sisson 2011). Groundwater becomes contaminated through on-site 
sewage disposal, as well as through waste water generated on cattle farms, dairies and piggeries. 
Contamination occurs through direct infiltration of the groundwater (MOH 2007).  
Many suburban settlements in South Africa obtain drinking water from municipal communal 
standpipes. People living in these settlements usually collect water from standpipes, which they then 
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store in water storage containers until used for domestic purposes. The stored water can become 
contaminated during the process of water collection and storage in containers (Jagals et al. 2003; 
Nala et al. 2003). Particularly, the people that collect water could introduce microorganisms into the 
water if they do not observe adequate hand sanitation (Jagals et al. 2003; Nala et al. 2003). Also, if 
the water storage container had not been adequately cleaned, the microbial contamination of the water 
could be further exacerbated (Jagals et al. 2003; Nala et al. 2003). In South Africa, water storage 
containers with wide openings, such as buckets, are often used. These types of storage containers 
increase the probability of introducing microbial contaminants into the water through contaminated 
hands, cups or other utensils used to remove water from the storage containers (Jagals 2004; Trevett 
et al. 2005a; Trevett et al. 2005b; Moabi 2006; Potgieter et al. 2009; Onigbogi & Ogunyemi 2014). 
Often faecal contaminants are introduced into stored water in this manner. Other factors that contribute 
to the risk of microbial contamination of stored water includes; exposing the stored water to high 
temperatures; high levels of airborne particulates, such as dust; and lengthy storage periods (WHO 
n.d.). Furthermore, suspended particles may harbour and possibly spread potentially hazardous 
microbiological contaminants such as; E. coli and C. perfringens spores (Jagals et al. 2003).  
 
Some rural communities in South Africa use water from large rain-fed storage tanks. Studies have 
shown that such water may contain pathogenic microorganisms originating from faeces of birds and 
cats that frequent the roofs of houses from where the water is sourced (MOH 2007). Enteric 
pathogens, such as Campylobacter spp., Giardia spp., and Cryptosporidium spp. have been found in 
samples of tank water (Ahmed et al. 2010; Dobrowsky et al. 2014). The occurrence of gastroenteritis 
has been linked to consumption of untreated tank water (Ahmed et al. 2014). In a study conducted in 
Australia, the water quality of 72 rain-fed tanks was tested for the presence of faecal indicator bacteria, 
E. coli and Enterococcus spp. (Ahmed et al. 2014). E. coli was detected in 74% and Enterococcus 
spp. in 94% of the water samples analysed.  
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2.5 Water borne pathogens 
2.5.1 Introduction 
Worldwide, unsafe water, inadequate sanitation and poor hygiene are rated among the top ten risks 
to health (Ezzati et al. 2004). Unsafe water may harbour waterborne pathogens, such as parasites, 
viruses and bacteria. Waterborne pathogens enter water sources through faeces from infected people 
and animals. Water sources may also be contamination through runoff from farms and through the 
accidental release of sewage. Although waterborne pathogens are diluted to low concentrations when 
transported through the environment, they still pose a health risk, as several pathogens have 
extremely low infectious doses (Bridle 2014). 
2.5.2 Parasites 
This class of waterborne parasites comprises of protozoa and helminths. A selection of waterborne 
protozoan pathogens, as identified by the World Health Organization, is summarised in Table 2.1. 
Table 2.1 Important waterborne protozoa, their diseases, persistence in water and  






Acanthamoeba spp.  Keratitis, encephalitis May multiply Inhalation,  
skin or eye contact 
Cryptosporidium spp.  Cryptosporidiosis Long Ingestion 
Cyclospora cayetanensis  Gastroenteritis Long Ingestion 
Entamoeba histolytica  Amoebic dysentery Moderate Ingestion 
Giardia lamblia  Giardiasis Moderate Ingestion 
Naegleri fowleri  Primary amoebic 
meningoencephalitis 
May multiply Inhalation 
Toxoplasma gondii  Toxoplasmosis Long Ingestion 
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Cryptosporidium is one of the most widely studied parasitic coccidian protozoan found in the intestinal 
tract of many vertebrates and is a major cause of gastroenteritis outbreaks worldwide (Pavli et al. 
2015). Twenty-six species have been identified of which C. parvum and C. hominis are the most 
prevalent species that infect humans (Widerström et al. 2014). Cryptosporidiosis is transmitted mainly 
by the faecal-oral route, usually through oocyst-contaminated water or food or by direct contact with 
an infected person or animal (Widerström et al. 2014). In 2010 a waterborne cryptosporidiosis 
outbreak took place in Sweden and affected at least 27 000 inhabitants of Östersund (Widerström et 
al. 2014). In the Milwaukee outbreak in 1993, 403 000 residents became ill (Corso et al. 2003). 
Giardia lamblia, which is also known as Giardia intestinalis or Giardia duodenalis, is spread by means 
of contaminated food or water or by direct faecal-oral transmission (Lebwohl et al. 2003). This 
protozoan parasite contaminates water supplies and ingestion of its cysts can cause giardiasis, an 
acute self-limiting gastroenteritis. Prevalence of G. lamblia is around 20–30% in the developing world 
(Bridle 2014).  
2.5.3 Viruses 
Viruses are the smallest of all the waterborne pathogens, and range in size from 20 to 300 nm (Bridle 
2014). Many viruses can survive for lengthy periods in aqueous environments (Borchardt et al. 2007). 
Enteric viruses are known to cause endemic waterborne diseases in the world (Rezaeinejad et al. 
2014; Gall et al. 2015). These viruses are often associated with gastroenteritis, which can lead to 
diarrhoea and symptoms including abdominal cramping, vomiting and fever (Gall et al. 2015). They 
are also capable of causing other severe illnesses, such as, encephalitis, meningitis, myocarditis, 
cancer and hepatitis (WHO 2011a). Enteric viruses are dangerous because of their ability to cause 
infection and illness at low infectious doses (Fong & Lipp 2005). When they are ingested, they replicate 
in the upper third of the intestine and destroy the villi covering, which results in the disruption of water 
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reabsorption (Bridle 2014). A selection of waterborne enteric viruses, as identified by the World Health 
Organization, is summarised in Table 2.2. 
Table 2.2 Important waterborne viruses, their diseases, persistence in water and  




Route of  
transmission 




Astroviruses Gastroenteritis Long Ingestion 
Enteroviruses Gastroenteritis Long Ingestion 
Hepatitis virus A and E Hepatitis Long Ingestion 
Noroviruses Gastroenteritis Long Ingestion 
Rotavirus Gastroenteritis Long Ingestion 
Sapoviruses Gastroenteritis Long Ingestion 
 
The two hepatitis viruses, Hepatitis A and E, are viruses that are transmitted mainly through the faecal-
oral route. They also enter the body through ingestion of faecally contaminated food, water or close 
contact with an infected person (Fitzgerald et al. 2014; WHO 2011a). These viruses require a low 
infection dose to cause infectious hepatitis (WHO 2011a). Hepatitis is characterised by nausea, 
malaise, abdominal pain, and jaundice; although many of these acute infections are asymptomatic or 
cause only mild symptoms. Once the viruses have entered the gastrointestinal tract they infect the 
epithelial cells of the intestine, from where they enter the liver and damage liver cells via the 
bloodstream (Martin & Lemon 2006). The damage to the liver may result in the inability of the liver to 
remove bilirubin from the bloodstream. The incubation period for Hepatitis A virus infection can range 
between 28 and 30 days, whilst the incubation period of Hepatitis E may be longer with an average of 
40 days (WHO 2011a).  
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Human rotavirus is considered to be the most important single cause of infant death in the world (WHO 
2011a; Bridle 2014). Typically, 50 to 60% acute gastroenteritis childhood infections have been 
identified to be as a result of rotaviruses infection worldwide (Bridle 2014). Human rotavirus also enters 
the human body via the faecal-oral route. After ingestion, this virus infects the cells in villi of the small 
intestine, which then causes the disruption of the sodium and glucose transport mechanisms. The 
onset of infection is often presented with severe watery diarrhoea, fever, abdominal pain and vomiting. 
Dehydration and metabolic acidosis may also develop. The infection could be fatal if not appropriately 
treated. An infected person can excrete human rotaviruses in numbers up to 1 011 per gram of faeces 
for periods of approximately 8 days. 
2.5.4 Bacteria 
Water borne bacterial pathogens, with the potential to infect humans, infect the gastrointestinal tract 
through the ingestion of contaminated food or water. These pathogens are excreted in the faeces of 
infected humans and other animals (WHO 2011a). A selection of waterborne bacterial pathogens, as 
identified by the WHO, is summarised in Table 2.3.  
Table 2.3 Important waterborne pathogenic bacteria, their diseases, persistence in  






Campylobacter jejuni, C. coli Gastroenteritis Moderate Ingestion 
Escherichia coli  
(pathogenic)  
Gastroenteritis Moderate Ingestion 





Legionella spp.  Legionnaires’ disease May multiply Inhalation 
Pseundomonas aeruginosa  Pulmonary disease, 
skin infection 
May multiply Skin contact 
Salmonella typhi  Typhoid fever Moderate Ingestion 
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Salmonella enterica  Salmonellosis May multiply Ingestion 
Shigella  Shigellosis Short Ingestion 
Vibrio cholera  Cholera Bioaccumulates Ingestion 
 
Several species of Campylobacter are known. C. jejuni is the most commonly isolated species from 
infected patients; although C. coli, C. laridis and C. fetus have also been isolated from infected patients 
(WHO 2011a). In contrast to many bacterial pathogens, Campylobacter requires a high infection dose 
of about 1 000 cells (Bridle 2014). After infection, the resulting illness is self-limiting, lasting about 3–
7 days presenting symptoms of abdominal pain, diarrhoea, vomiting, chills and fever (Bridle 2014). 
Campylobacter’s incubation period is usually 2–4 days (WHO 2011a). The occurrence of this pathogen 
in water is associated with high amounts of rainfall and high water temperature. The animal reservoirs 
of this pathogen are thought to be poultry, wild birds and cattle. Outbreaks have resulted from 
inadequate or unchlorinated water supplies or when reservoirs are faecally contaminated by bird 
faeces (Vandeplas et al. 2007). Millions of cases are reported annually, generally presenting with mild, 
self-limiting diarrhoea (Vandeplas et al. 2007). 
Large numbers of harmless strains of E. coli exist naturally in the human and animal intestines. A 
limited number of enteropathogenic E. coli strains can cause acute diarrhoea (Bridle 2014). 
Enteropathogenic E. coli strains are classified according to their virulence, and include 
enterohemorrhagic E. coli (EHEC), enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), 
enteroinvasive E. coli (EIEC), enteroaggregative E. coli (EAEC) and diffusely adherent E. coli (DAEC) 
(Bridle 2014). E. coli O157:H7 (an EHEC) is a well-known example of one of these strains. E. 
coli O157:H7 produces a Shiga toxin that can cause severe illness in infected people. E. coli causes 
contamination of water through sewage overflows, sewage systems that are not working properly and 
© Central University of Technology, Free State
C h a p t e r  2 :  L i t e r a t u r e  R e v i e w    P a g e  | 30 
 
agricultural stormwater runoff (Bridle 2014). People become infected through ingesting contaminated 
food, particularly raw or undercooked ground beef, as well as through direct contact with faeces of 
infected animals, or contact with contaminated water (CFSPH 2006). In rural areas, people often share 
water sources with animals and are thus in danger of becoming infected if such water sources are 
contaminated (CFSPH 2006). The incubation period of E. coli ranges from 1 to 2 days after exposure. 
Infected people present symptoms such as abdominal pain, cramping and watery diarrhoea with blood 
(Buchanan & Doyle 1997). In adults, the infection clears in about a week. Severe cases can lead to 
kidney problems, which can be life threatening, especially in children or the elderly (CFSPH 2006). In 
2014, four states in the USA reported outbreaks of Shiga toxin-producing E. coli O157:H7 strains 
(CDC 2014). A total of 12 people were infected and 58% of the ill people were hospitalised (CDC 
2014). The hospitalised people recovered without any reported death. Wolverine Packing Company 
recalled approximately 1.8 million pounds of ground beef products that might have been contaminated 
with STEC O157:H7 on 19 May 2014 to prevent further infections (CDC 2014).  
Diseases that result from different species of Salmonella include gastroenteritis and typhoid fever. 
Humans usually become infected with Salmonella through ingestion of contaminated food or water. 
Salmonella is found in the faeces of humans and animals. Usually people who are infected with 
Salmonella do not present any symptoms, however, in some cases infected people develop diarrhoea, 
fever and abdominal cramps within 8 to 72 hours of infection. Salmonella species can be divided in 
two categories; those species that do not cause typhoid and those that do cause typhoid. S. typhi is 
known to be the causative agent of typhoid. 
There are four Shigella species that can cause disease in humans. These species are, S. dysenteriae, 
S. boydii, S. sonnei and S. flexineri. These species are responsible for the disease Shigellosis.  
Shigellosis is caused through the infection of the gastrointestinal tract of humans via the faecal-oral 
route, through person-to-person contact and through ingestion of contaminated water. Shigellosis 
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usually develops after 24–72 hours, with symptoms including abdominal pain, fever and watery 
diarrhoea (Agha & Goldberg 2008). The infective dose is relatively low and can vary between 10–100 
cells. An infection with S. sonnei usually results in relatively milder symptoms than those presented 
by the other species. Over two million cases of Shigellosis occur each year, resulting in about 600 000 
deaths, mostly in developing countries, with most cases being children younger than 10 years of age 
(Bridle, 2014). 
The Vibrio bacteria include a number of species, of which V. cholerae is the only pathogenic species 
associated with fresh water. Cholera is an acute V. cholerae infection of the gastrointestinal tract.  V. 
cholerae serogroup O1 has been responsible for all cholera outbreaks in South Africa (Archer et al. 
2009). People become infected with V. cholerae after eating food or drinking water that has been 
contaminated by the faeces of infected people. The incubation period for V. cholerae ranges from a 
hours to approximately five days (Archer et al. 2009). The onset of cholera begins with a painless 
watery diarrhoea, nausea and vomiting. Immune compromised people can experience more severe 
symptoms, which lead to profuse diarrhoea and vomiting. If an infected person is not promptly and 
adequately treated, the loss of large amounts of bodily fluids and electrolytes can lead to serve 
dehydration and death within hours (WHO 2004). Outbreaks of cholera occur sporadically in areas 
where water sanitation is poor and food safety, hygiene practices are lacking. Cholera remains a major 
public health problem, particularly in developing countries, such as South Africa, where access to safe 
drinking water and adequate sanitation cannot be supplied to all citizens (Ismail et al. 2013). Cholera 
is an important cause of diarrhoea in developing countries and frequently affects poor and 
overcrowded communities. Outbreaks of cholera are often associated with high mortality rates 
(Faruque et al. 2007; Smith et al. 2008; Mason 2009; Keddy et al. 2013).  
In Africa, between January and December 2012, a total of 94 553 cases and 1 834 deaths related to 
cholera were reported from 25 countries (WHO 2013). Amongst those countries, the Democratic 
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Republic of Congo, Sierra Leone, Ghana, Guinea, Uganda and Niger accounted for 90% of the total 
number of cases and 70% of all deaths reported (WHO 2013). In South Africa, during the period from 
15 November 2008 to 30 April 2009, diarrhoea-related cases were reported following a significant 
epidemic in neighbouring Zimbabwe (Archer et al. 2009). The transmission in South Africa was linked 
to contaminated water supplies, poor sanitation infrastructure and poor access to safe potable water 
sources (Archer et al. 2009). The major outbreaks were recorded in the provinces of Limpopo and 
Mpumalanga. Limpopo reported 5 460 cases and 26 deaths, whilst Mpumalanga reported 6 855 cases 
and 30 deaths (Archer et al. 2009). 
2.6 Conclusion 
There are many waterborne pathogens that have the potential to cause disease in humans. Often 
these microorganisms are of faecal origin and can be related to poor hygiene practices. In cultural 
rituals such as at African funerals, where hands are washed in communal hand washing bowls 
because of the belief that bad omens will be washed off; people are at risk of becoming infected. 
Several instances of mourners becoming ill after attending African funerals have been reported 
(Hlungwani et al. 2010; Lamond and Kinyanjui 2012; Maletsky 2007). These people typically 
demonstrate symptoms of diarrhoeal-related diseases. Empirical data will show to what extent these 
hand washing rituals may contribute to the transmission of pathogenic microorganisms and infectious 
disease.  
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Chapter 3  
Materials and Methods 
3.1 Introduction  
In this study water was collected at African funerals in the Mangaung Metropolitan Municipality of the 
Free State. Accessible funerals were identified with the assistance of a local funeral undertaker. The 
funeral undertaker liaised with bereaved families on behalf of the researcher. The bereaved families 
were requested to grant permission to the researcher to collect required water samples on the day of 
the funeral (Letter of permission can be found as Annexure). Water samples were collected from the 
hand washing ritual water bowls and the water supply system. Forty two funerals were visited and 
samples of water collected over a period of eleven months.  
3.2 Study design  
Microbial water quality was determined for water samples collected at 42 funerals. Three water 
samples were collected at each funeral resulting in a total of 126 water samples. The respective water 
samples included water collected from the yard tap that was used to fill the communal hand washing 
bowl. This water sample acted as the control sample. The other two water samples were collected 
from a communal hand washing bowl of standing water. One water sample was collected from the 
communal hand washing bowl before the mourners had washed their hands, while the second water 
sample was taken from the same communal hand washing bowl after the mourners had completed 
the hand washing ritual. Water samples were assessed for microbial water quality and statistically 
analysed. A comparison between the microbial quality of the yard tap water and the microbial quality 
of water samples collected from the communal hand washing bowl before the commencement of the 
hand washing ritual, provided an indication of a “bowl effect”. The “bowl effect” indicated how 
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contaminated or dirty the hand washing bowl was before the water was added to the bowl. Moreover, 
a comparison of the microbial quality of the two water samples that were collected from the communal 
hand washing bowl provided an indication of the contribution of mourner’s hands to the quality of the 
water. Residual free chlorine was also determined as an indicator of efficacy of the disinfection process 
in the distribution network and at point of use. Finally, a health potential index (HPI) was calculated for 
all the water samples. This index describes the potential health threat of a particular water sample. 
Supplementary demographic and environmental information was also recorded at each funeral. Figure 
3.1 provides a flow diagram of the study design of the project. 
 
Figure 3.1 Study design of the water quality assessment of communal hand washing  
  water at African funerals  
42 African Funerals in Mangaung Metropolitan Municipality 
Water quality analysis
Yard tap water
• Heterotrophic plate 
count
• Number of total coliform
bacteria
• Number of E. coli
Statistical analysis
Calculation of Health Potential Index
Discussion and Conclusions
Water sample collection
• Yard tap water used to fill communal hand washing bowls (control)
• Communal hand washing bowls before hand washing
• Communal hand washing bowls after hand washing
Water from communal hand 
washing bowl before hand 
washing
• Heterotrophic plate count
• Number of  total coliform bacteria
• Number of E. coli
Water from communal hand 
washing bowl after hand 
washing
• Heterotrophic plate count
• Number of total coliform bacteria
• Number of E. coli
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3.3 Supplementary demographic and environmental information 
Supplementary demographic and environmental data were recorded at each funeral. The 
demographic data included the number of communal hand washing bowls that were placed at the gate 
of the bereaved family’s house and the type of bowl that was used in the hand washing ritual. Because 
of the possibility of winds that may transfer dirt and soil into a communal hand washing bowl and 
contaminate the water, the placement of the communal hand washing bowls was also recorded. These 
bowls were usually placed either directly on soil or on a protected pavement. Lastly, it was also noted 
whether the mourners ate the funeral meal using spoons or with their bare hands as is expected in 
the African tradition.  
3.4 Collection of water samples   
Usually at most African funerals two communal hand washing bowls of standing water are placed at 
the gate of the bereaved family’s house. All the participating funerals in this study used two communal 
hand washing bowls in the hand washing ritual. In this study, water was collected from only one of the 
two bowls, because the number of mourners that washed their hands during the hand washing ritual 
was counted. The counting of the mourners participating in the hand washing ritual could only be 
performed for one communal hand washing bowl and not both simultaneously. Therefore, one of the 
two communal hand washing bowls was randomly selected. The random selection of a communal 
hand washing bowl entailed, firstly, the generation of random numbers using a Microsoft Excel spread 
sheet. If the right most digit of a random number was an even number, the bowl to the right of the 
researcher was selected as he faced the inside of the yard of the bereaved family’s house. Conversely, 
if the digit of the random number was an uneven number, the bowl on the left of the researcher was 
selected (Table 3.1). 
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Table 3.1 Example of random numbers generated with Microsoft Excel spread sheet  
  and selection of communal bowls 
3.4.1 Water sampling at the yard tap  
Yard tap water samples were collected in an aseptic manner following the standard operating 
procedures of Mangaung Metropolitan Municipality for collecting a drinking water sample at a yard 
tap. The yard tap water samples were collected in the following manner: 
1. The yard tap was opened to allow the water to run for approximately two minutes to flush out the 
stagnant water in the pipes; 
2. Thereafter, the yard tap was wiped clean using clean cotton wool dampened with 68% ethanol 
solution; 
3. In the case of a metal tap, after the initial flushing and application of ethanol, the tap was also flamed,  
after which the tap was opened and allowed to run freely for a further two minutes;  
4.  A water sample was then collected in a 100 ml sterile plastic bottle after breaking the seal of the bottle, 
taking care not to touch the inside sterile surface of the bottle opening or lid;  
5. The sample bottle was then closed and marked with a unique number representing the funeral and 
the letter “A” to denote the control sample;  
6. The sample bottle was then placed in a cooler box and covered with ice cubes to keep the temperature 
of the water below 4°C until it reached the laboratory; and 
7. Finally, the water samples were transported to the Mangaung Metropolitan Municipality laboratory in 
ice, where the microbial water quality was determined within six hours. 
 
3.4.2 Water sampling at the communal hand washing bowl  
Sterile glass bottles are required for the collection of water samples from the communal hand washing 
bowls of standing water. Thus, prior to the collection of the water samples, the water sampling bottles 
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were sterilised. Water sampling bottles were sterilised, and water samples collected in the following 
manner:  
1. One end of a cotton string was secured around the neck of a 250 ml Schott Duran glass sample bottle, 
while at the other end of the string a loop was knotted making it possible to hold a sample bottle when 
submerging it in the water of the communal hand washing bowl to collect a water sample;   
2. Thereafter, the string was rolled around the neck of the bottle, and together with the lid the sample 
bottle was placed inside an AseptorTM sterilisation bag;  
3. The sterilisation bag was then closed and sealed with autoclave tape and autoclaved;  
4. At the time of water sampling at a funeral, the sterile water sample bottle was removed from the 
AseptorTM sterilisation bag, leaving the lid in the  sterilisation bag; 
5. While holding the string of the sample bottle, it was submerged into the water of a selected communal 
hand washing bowl and filled with water;  
6. The sample bottle was then removed from the communal hand washing bowl and sealed with the 
sterile lid; 
7. The sample bottle was then marked with the unique number representing the funeral and the letter “B” 
to indicate a sample from the communal hand washing bowl before mourners had washed their hands, 
or “C”, for a sample collected from a communal hand washing bowl after the hand washing ritual;  
8. The sample bottle was then placed in a cooler box and covered with ice cubes to keep the temperature 
of the water below 4°C until it reached the laboratory; and 
9. Finally, the water samples were then transported to the Mangaung Metropolitan Municipality laboratory 
in ice, where the microbial water quality was determined within six hours. 
 
3.5 Measurement of microbiological quality of water samples  
In this study, three different microbiological measurements were made. The heterotrophic plate count 
(HPC) was undertaken to enumerate the total aerobic bacterial population. The HPC is used as an 
indicator of treatment efficiency, post treatment growth in a distribution network, and adequacy of 
disinfectant residual (DWAF 2001). Total coliform bacteria and E. coli were also enumerated. Total 
coliform bacteria are indicative of the general hygiene quality of water, while E. coli is the preferred 
indicator of faecal pollution (SANS 2015). 
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As it was anticipated that some samples may contain a large number of bacteria, serial dilutions were 
prepared for some of the water samples. For HPC, 1:10 and 1:100 serial dilutions were prepared for 
all the water samples. In contrast, for total coliform bacteria and E. coli counts, only 1:10 serial dilutions 
were prepared for both types of water collected from the communal hand washing bowls. Quality 
assurance samples (control sample) were prepared for all the tests to establish the accuracy of the 
laboratory measurements. For the HPC control sample, 1 ml of Ringers solution was plated on 
petrifilm. In contrast, for total coliform bacteria and E. coli counts 100 ml of distilled water was used as 
control sample. This control sample was poured into a Quanti-Tray® system, which was used in the 
enumeration of total coliform bacteria and E. coli. A demonstration of the preparation of the serial 
dilutions for HPC, total coliform bacteria and E. coli counts are illustrated in Figure 3.2.  
a)   
1     1:10 1:100 1     1:10 1:100 1     1:10 1:1001 ml 
Ringers Solution
A: Tap B: Before C: After 
Quality Assurance  
Test 
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b)     
  
Figure 3.2 Demonstration of serial dilutions for; (a) heterotrophic plate count, (b) total  
  coliform and E. coli enumeration  
3.5.1 Heterotrophic plate count 
Heterotrophic microorganisms can broadly be defined as microorganisms that require organic carbon 
for growth (WHO 2002). These bacteria include aerobic bacteria and facultative anaerobic bacteria in 
water (Verhille 2013). They are enumerated by applying a variety of methods; all referred to as 
heterotrophic plate counts (HPC). Only a small proportion of the metabolically active bacteria present 
in a water sample may grow and be detected under any given set of HPC test conditions, and the 
population recovered will differ substantially according to a particular method used (WHO 2002)). In 
this study the HPC was obtained by plating a water sample on 3MTM PetrifilmTM Aerobic Count Plates. 
A total of 420 heterotrophic plate count enumerations were undertaken in this study. The enumerations 
consisted of plating 42 quality assurance samples and 378 water samples collected from yard taps 
and communal hand washing bowls. These water samples were plated on 3MTM PetrifilmTM Aerobic 
Count Plates under aseptic conditions in the following manner:  
1. Using a pipette with a sterile tip perpendicular; 1 ml of a water sample was dispensed onto the centre 
of the bottom film of the 3MTM PetrifilmTM Aerobic Count Plate;  
B: Before C: After 
Quality Assurance  
Test 
A: Tap
100 ml         1:10    100 ml        1:10    100 ml 
Distilled water 
100 ml 
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2. The top film of the PetrifilmTM was then released to cover the bottom film;  
3. A plastic spreader was then used to distribute the sample evenly across the PetrifilmTM by applying 
gentle downward pressure and covering a circle growth area of approximately 20 cm2; 
4. The PetrifilmTM was left undisturbed for one minute for the gel to solidify;  
5. The plated PetrifilmTM was then incubated at 35°C for 48 hours;  
6. After incubation, a standard colony counter was used to count the red colonies, produced by the 
reduction of the tetrazolium indicator dye on the PetrifilmTM, regardless of size or intensity; and 
7. In instances where the number of colonies exceeded 250 per 1 ml, a mean number of colonies were 
estimated by counting the colonies in three different grid-blocks as follows: 
a. Three blocks were counted (e.g. 26 + 27 + 28 = 81 ÷ 3 = 27[Y]). 
b. Y × 20 cm2 growth area × dilution factor (e.g. 27 × 20 × 100 = 54 000).  
 
3.5.2 Total coliform bacteria and E. coli enumeration 
Coliform bacteria are a commonly used as indicator organisms to indicate the sanitary quality of foods 
and water. Coliforms can be found in the aquatic environment, in soil and on vegetation and are 
generally harmless. They are also universally present in large numbers in the faeces of humans and 
warm-blooded animals. The presence of coliform bacteria is therefore used to indicate that other 
pathogenic organisms of faecal origin may be present in a sample. Escherichia coli (E. coli) is a 
member of the coliform group and are almost exclusively of faecal origin. Their presence in a sample 
is thus an effective confirmation of faecal contamination. Most strains of E. coli are harmless, but some 
can cause serious illness in humans (DWAF 2001).  
 
In this study, a total of 252 samples were prepared. The samples consisted of 42 quality assurance 
samples and 210 water samples collected from yard taps and communal hand washing bowls. The 
Colilert-18 test kit was used for the enumeration of total coliform bacteria and E. coli. Colilert-18 is 
used for the simultaneous detection and confirmation of total coliform bacteria and E. coli in water 
samples. This test is based on IDEXX’s patented Defined Substrate Technology® (DST®).  When 
total coliform bacteria metabolise Colilert-18’s nutrient-indicator, ONPG, the sample turns yellow.  
When E. coli metabolises Colilert-18’s nutrient indicator, MUG, the sample fluoresces.  Colilert-18 can 
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simultaneously detect these bacteria at 1 MPN/100 ml within 18 hours, even with as many as two 
million other heterotrophic bacterial cells per 100 ml present.  The preparation of the samples were 
conducted in the following manner:  
1. A water sample was swirled gently and the excess water poured out of the sample bottle until 100 ml of 
the water sample remained in the sample bottle; 
2. Colilert-18 reagent was emptied into the water sample, mixed gently and allowed to stand for a few minutes 
until the reagent had dissolved; 
3. A Quanti-Tray® was labelled with the unique reference number of the water sample;  
4. The labelled Quanti-Tray® was then carefully opened without contaminating the inside by pulling the tray 
tab; 
5. The water sample was then poured into the Quanti-Tray® and the tray tapped slightly on a smooth surface 
to release trapped air bubbles; 
6. The Quanti-Tray® was then mounted onto a rubber holder ensuring that the wells fitted snugly into the 
holes of the rubber holder;   
7. The Quanti-Tray® rubber holder with the Quanti-Tray® was then placed facing downwards on the in-let 
point of the Quanti-Tray® Sealer and then sealed;  
8. The sealed Quanti-Tray® was then incubated at 35°C for 18 to 22 hours; 
9. After the incubation of the Quanti-Tray®, the wells that reacted positively were counted; 
10. For total coliform bacterial enumeration, all the wells that turned any shade of yellow were counted (Figure 
3.3a); 
11. For E. coli enumeration, the Quanti-Tray® was placed under an ultra violet light and the fluorescent blue 




(a)             (b)  
Figure 3.3 Positive reacting wells in the Colitert-18 Test; (a) Yellow wells indicating the  
  presence of total coliform bacteria, and (b) blue fluorescent wells indicating  
  the presence E. coli  
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12. For the enumeration of coliform bacteria and E. coli, the large wells and small wells were counted 
separately, after which the IDEXX Quanti-Tray®/2000 MPN Table (per 100 ml) was used to read the most 
probable number of bacteria (Figure 3.4).  
 
 
Figure 3.4   Enumeration of total coliform bacteria and E. coli 
3.6 Free residual chlorine concentration  
Disinfection plays a significant role in the supply of safe drinking water. The concentration of free 
residual chlorine in drinking water in the distribution network and at point of use is indicative of the 
efficacy of the disinfection process and provides an idea of the probable microbiological safety of the 
treated water (DWAF 2001). Thus, free residual chlorine is used to measure the safety of treated 
drinking water. The free residual chlorine concentration of all the water samples collected were 
measured using a Martini instruments Mi 404 chlorine meter (Figure 3.5).  
 
Figure 3.5  Martini Mi 404 free chlorine meter  
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Free residual chlorine concentration was measured in the following manner: 
1. After switching on the Martini instrument Mi 404 chlorine meter, a water sample bottle was gently 
mixed, carefully opened and then a cuvette filled to the 10 ml line with the water sample; 
2. After wiping the cuvette dry with a paper towel, it was placed in the instrument and the ‘ZERO’ button 
pressed to zero the instrument; 
3. When ‘-0,0-’ appeared on the screen, the cuvette was removed from the instrument; 
4. A DPD No. 1 tablet was then added to the water sample and crushed with a plastic crushing rod until 
the tablet dissolved in the water; 
5. The  cuvette was then closed, shook, wiped clean and placed back in the instrument; and 
6. After a few seconds the ‘READ’ button was pressed and the chlorine concentration reading recorded.  
3.7 Data analysis  
A number of statistical analyses were performed with the data. Summary statistics were calculated 
and included the mean, mode, range and standard deviation. Also, inferential statistical analyses were 
conducted to test whether the means of some groups of data demonstrated significant differences. 
Various other comparisons were also performed. These comparisons included the comparison of 
water quality measurements to respective water quality standards. These standards included the 
South African standard for HPC, total coliform bacteria and E. coli (SANS 2015) and free residual 
chlorine  (SANS 2006).  
A review of the literature was undertaken to identify an index that could be used to describe the 
potential health treat that any of the water samples could pose to mourners that participated in the 
hand washing ritual. A list of selection criteria was devised that was used to select an appropriate 
index. The index selection criteria were:  
 Simplicity of mathematical calculations; 
 Ability to be adjusted to the conditions for this study;  and 
 The ability to accommodate a single round of measurements. 
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Based upon the these criteria, the Weighted Arithmetic Index calculation method of Ramakrishnaiah 
et al. (2009) was selected to calculate an index that reflected the health potential threat of a water 
sample. This Index calculation method of Ramakrishnaiah et al. (2009) was adjusted specifically for 
this study to reflect the potential threat of a water sample and renamed the Health Potential Index 
(HPI). 
3.7.1 Calculation of health potential index  
The HPI was calculated in three steps. Firstly, the three parameters, HPC, number of total coliform 
bacteria and number of E. coli were each assigned a weight (wi) based upon their relative importance 
in the description of the potential health threat in the index. The relative weights ranged from one to 
five with five indicating the highest level of importance (Table 3.2). For this study total coliform bacteria 
and E. coli were assigned a maximum weight of five, while for the HPC a weight of four was assigned. 
Secondly, the relative weight (Wi) was computed using the following equation:    





                                                       (1)              
                   
Where, Wi was the relative weight, wi the weight assigned to each parameter and n the number of 
parameters.  
Thirdly, a quality rating (qi) was calculated for each parameter using the concentration (Ci) of the 
respective parameter and the limit (Si) (Table 3.2). Because no specific limits exist for water quality 
under these circumstances; the limits for food preparation and drinking water proposed by DWAF 
(2001) were used for total coliform bacteria and E. coli, while the limits of DWAF (1996) was used for 
HPC. 
                                                                           𝑞𝑖 =  
𝐶𝑖
𝑆𝑖
 × 100                                              (2)  
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For computing the HPI, the sub-index (SIi) was calculated for each parameter by multiplying the 
relative weight (Wi) by the quality rating scale (qi): 
                                                                           𝑆𝐼𝑖 =  𝑊𝑖 × 𝑞𝑖                                              (3) 
 
Then, the HPI was calculated by summing all sub-indexes (SIi) of the parameters for a water sample 
using the following equation: 
                                                               𝐻𝑃𝐼 =  ∑ 𝑆𝐼𝑖                                                   (4) 
 
Table 3.2 Weights, relative weights and water quality limits used for the calculation of  
  the HPI   
Parameter Weight (wi) Relative weight (Wi) Limit HPI (Si) 
Heterotrophic plate count  4 0.29 1000 
Total coliforms 5 0.36 100 
E. coli  5 0.36 10 
 Σ wi = 14 Σ Wi = 1  
 
3.7.2 Health potential threat rating 
Each water sample was rated in terms of its potential threat to the mourners. Because mourners 
traditionally eat the funeral meal with their bare hands, they may ingest pathogens that were 
transferred to their hands during the hand washing ritual. No applicable rating for this setting could be 
sourced after an extensive literature review was conducted, therefore a three-point rating scale was 
devised (Table 3.3). The limits chosen for the three classes of the rating scale took into account the 
potential threat posed by high numbers of coliform bacteria and E. coli in a sample of 100 ml of water 
and a high HPC in 1 ml of water. In this study high levels of coliform bacteria and E. coli, as well as 
and high HPCs were encountered. These high levels, which were indicative of the potential presence 
of harmful pathogens in the water samples, informed the decision of the limits of the three classes. 
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The final decision of the limits of the three classes was decided upon through discussions with Dr Elsa 
Potgieter, an experienced water quality specialist who works as a chief microbiologist at Mangaung 
Metropolitan Municipality in Bloemfontein, Free State. 
 
Table 3.3 Health potential threat classification based on HPI values  
Health potential threat HPI value Explanation 
No ≤50 
The probability for transference of microorganisms that 
are pathogenic to the hand and mouth is very small. 
Intermediate >50 –100 
The probability for transference of microorganisms that 
are pathogenic to the hand and mouth is moderate. 
High >100 
The probability for transference of microorganisms that 
are pathogenic to the hand and mouth is high. 
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Chapter 4  
Quality of Ritual Water Used at African Funerals 
4.1 Introduction  
In this study, 42 African funerals were visited for the collection of water used by mourners in the hand 
washing rituals. At 26% of the funerals cut aloe leaves were added to the hand washing ritual water. 
Plastic or zinc communal hand washing bowls were equally popular containers used for the ritual 
water. At only three of the funerals the communal hand washing bowls were placed on a paved area.  
At the remainder of the funerals the communal hand washing bowls were placed directly onto the soil. 
The water was collected from three different water sources at each funeral. The first sample was 
collected at the yard tap, which was used to fill the communal hand washing bowl. The second sample 
was collected from a randomly selected communal hand washing bowl that was placed at the gate 
outside the yard before mourners participated in the hand washing ritual. The third water sample was 
collected from the same communal hand washing bowl of standing water, after mourners had 
completed the hand washing ritual. Microbial water quality was assessed in terms of total bacterial 
counts (heterotrophic plate count; HPC), number of coliform bacteria and number of E. coli. Residual 
chlorine was also determined as an indicator of its disinfection strength in the distribution system.  
4.2 Free residual chlorine 
Free residual chlorine is an indication of the efficacy of the disinfection process of water and thus a 
rapid indicator of the probable microbial safety of the treated water (DWAF 2001). Disinfection of water 
will be sustained at a chlorine level not less than the limit of ≥0.2 mg/L specified by SANS 241:1  
(SANS 2015) for bacteria indicated by the heterotrophic plate count, total coliform bacteria and E. coli 
(SANS 2006; SANS 2015). The free residual chlorine was measured for all water samples collected 
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at the funerals and compared to the limit of ≥0.2 mg/L for free chlorine. The residual free chlorine 
concentration determined for the yard tap water was for more than 50% of the samples greater than 
the SANS (2006) limit, while the residual free chlorine concentration of the water samples taken from 
the communal hand washing bowls, before the hand washing ritual, was mostly less than the 
prescribed limit for free chlorine SANS (2006). None of the water samples taken from the communal 
hand washing bowls after the hand washing ritual were compliant when compared to the limit SANS 
(2006) (Table 4.1).   
Table 4.1 Free residual chlorine concentration for yard tap water (control) and for before 
  and after hand washing 
Funeral number Yard tap water Before hand washing After hand washing 
1 0.4 0.0 0.0 
2 0.3 0.0 0.0 
3 0.4 0.3 0.1 
4 0.0 0.0 0.0 
5 0.0 0.0 0.0 
6 0.5 0.0 0.0 
7 0.5 0.1 0.0 
8 0.5 0.1 0.0 
9 0.7 0.4 0.0 
10 0.7 0.0 0.0 
11 1.5 0.2 0.0 
12 0.1 0.0 0.0 
13 0.1 0.0 0.0 
14 0.1 0.0 0.0 
15 0.2 0.1 0.0 
16 0.1 0.1 0.0 
17 0.2 0.0 0.0 
18 0.1 0.1 0.0 
19 0.1 0.1 0.0 
20 0.2 0.0 0.0 
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Funeral number Yard tap water Before hand washing After hand washing 
21 0.3 0.1 0.0 
22 0.1 0.0 0.0 
23 0.2 0.0 0.0 
24 0.2 0.0 0.0 
25 0.2 0.0 0.0 
26 0.0 0.0 0.0 
27 0.0 0.0 0.0 
28 0.1 0.0 0.0 
29 0.0 0.0 0.0 
30 0.0 0.0 0.0 
31 0.1 0.0 0.0 
32 0.2 0.1 0.0 
33 0.1 0.1 0.0 
34 0.3 0.0 0.0 
35 0.8 0.6 0.0 
36 0.8 0.3 0.0 
37 0.8 0.3 0.0 
38 0.6 0.1 0.0 
39 0.7 0.3 0.0 
40 0.7 0.2 0.0 
41 0.6 0.1 0.0 
42 0.2 0.1 0.0 
Minimum 0.0 0.0 0.0 
Maximum 1.5 0.6 0.0 
Mean 0.3 0.1 0.0 
Median 0.2 0.0 0.0 
Mode 0.0 0.0 0.0 
Range 1.5 0.6 0.9 
Standard 
Deviation 
0.3 0.1 0.0 
% Compliance 61.9 19.0 0.0 
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4.3 Enumeration of total aerobic bacteria 
The HPC method was used to determine the total number of aerobic bacteria in all water samples 
collected at the 42 African funerals. The total aerobic bacteria enumerated was then compared to the 
HPC limit of ≤1000 colony forming units per one millilitre (cfu/1 ml), as prescribed by SANS 241:1 
(SANS 2015).  As it was expected, the number of aerobic bacteria in water samples collected from 
the yard tap was all below the prescribed limit, denoting that the quality of the water supply was safe 
(Table 4.2). In some instances, the recorded values of the total number of aerobic bacteria in water 
samples collected from the communal hand washing bowls before the commencement of the hand 
washing ritual, were very high. These high values, which were unexpected, indicated the possibility of 
contamination of the water prior to mourners washing their hands. The water samples collected after 
the completion of the hand washing ritual disclosed that the mourners that participated in the hand 
washing ritual introduced large numbers of microorganisms into the communal hand washing bowl 
water. The water in the communal hand washing bowls after the completion of the hand washing ritual, 
could thus contain a wide spectrum of pathogenic microorganisms. The compliance percentage of the 
water samples collected from communal hand washing bowls before the hand washing ritual 
commenced, declined only by approximately 5% when compared with the water samples collected 
from the yard tap. In contrast, the compliance percentage of the water samples collected from 
communal hand washing bowls after the hand washing ritual, declined by approximately 55% when 
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Table 4.2 Heterotrophic plate counts for yard tap water (control and for before and after 
  hand washing 
Funeral number Yard tap water Before hand washing After hand washing 
1 0 5 400 10 400 
2 0 2 840 
3 0 0 1 070 
4 0 43 430 
5 3 44 470 
6 0 17 1 450 
7 0 9 125 
8 0 13 550 
9 0 6 260 
10 0 9 920 
11 0 7 900 
12 0 99 1 980 
13 0 300 500 
14 3 180 560 
15 1 12 200 12 600 
16 11 38 1 120 
17 0 2 440 
18 2 30 2 070 
19 0 9 1 030 
20 0 8 520 
21 0 4 1 220 
22 1 74 540 
23 35 330 1 380 
24 0 23 1 150 
25 0 14 2 740 
26 0 25 9 800 
27 3 10 950 
28 0 1 9 700 
29 3 123 1 240 
30 1 21 330 
31 0 76 1 340 
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Funeral number Yard tap water Before hand washing After hand washing 
32 1 98 1 600 
33 1 28 1 210 
34 1 26 1 990 
35 0 10 1 670 
36 0 12 460 
37 0 2 1 150 
38 0 8 330 
39 0 7 830 
40 0 7 6 800 
41 0 13 810 
42 0 17 1 330 
Minimum 0 0 0 
Maximum 35 12 200 12 600 
Mean 2 461 2 067 
Median 0 16 1 095 
Mode 0 2 1 150 
Range 35 12 200 12 475 
Standard Deviation 5.6 2 032.5 3 021.1 
% Compliance 100.0 95.2 45.2 
 
To obtain a visual perspective of the HPC distribution of the water samples collected from the yard 
tap, as well as from the communal hand washing bowls before and after the hand washing ritual, a 
histogram was constructed. The number of funerals that demonstrated compliant HPC values dropped 
marginally for the water samples collected from the communal hand washing bowls before the hand 
washing ritual; while the drop in the number of compliant funerals was substantial for the water 
samples collected from communal hand washing bowls after the hand washing ritual (Figure 4.1). 
Furthermore, the number of funerals that demonstrated noncompliant HPC values increased 
noticeably for water samples collected from the communal hand washing bowls after the hand washing 
ritual. 
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Figure 4.1  HPC value distribution of water samples collected from the yard tap, before  
  and after hand washing ritual  
4.4 Enumeration of coliform bacteria  
The total coliform bacterial count was determined for the all the water samples collected from the three 
respective water sources. The recorded values of the coliform bacterial counts were then compared 
to the total coliform bacterial limit of ≤10 coliform/100 ml as prescribed by SANS 241:1 (SANS 2015). 
Generally, the total number of coliform bacteria was less than the prescribed limit of ≤10 coliform/100 
ml (SANS 2015) for the yard tap water samples (Table 4.3). The compliance percentage of the water 
samples collected from communal hand washing bowls before the hand washing ritual commenced, 
declined by approximately 22%, when compared with the water samples collected from the yard tap. 
In contrast, the drop in the compliance percentage for the water samples collected from communal 
hand washing bowls after the hand washing ritual was dramatic; showing a decline in compliance of 
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Table 4.3 Total coliform bacteria for yard tap water (control) and for before and after hand 
  washing 
Funeral number Yard tap water Before hand washing After hand washing 
1 0 2 420 19 863 
2 0 0 111 
3 0 0 66 
4 0 37 649 
5 0 2 2 909 
6 0 9 205 
7 0 1 19 
8 0 0 206 
9 0 0 24 
10 0 2 488 
11 0 1 68 
12 0 1 461 
13 0 146 1 553 
14 0 0 186 
15 0 15 531 24 192 
16 0 4 345 
17 0 0 16 
18 0 0 548 
19 0 9 249 
20 0 0 29 
21 0 1 152 
22 0 118 1 733 
23 0 118 1 553 
24 0 1 55 
25 0 0 24 
26 0 0 291 
27 0 0 166 
28 0 4 4 106 
29 0 0 326 
30 0 11 9 208 
31 0 649 1 414 
32 0 10 291 
33 0 1 1 274 
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Funeral number Yard tap water Before hand washing After hand washing 
34 2 1 3 448 
35 0 0 201 
36 0 1 34 
37 0 0 179 
38 0 0 2 
39 0 0 27 
40 0 0 52 
41 0 18 236 
42 0 0 27 
Minimum 0 0 2 
Maximum 2 15 531 24 192 
Mean 0 455 1 833 
Median 0 1 221 
Mode 0 0 24 
Range 2 15 531 24 190 
Standard 
Deviation 
0.3 2 413.7 4 874.2 
% Compliance 100.0 78.6 2.4 
 
To obtain a visual perspective of the coliform bacterial count distribution of the water samples, a 
histogram was constructed. Similarly to the HPC values, the number of funerals that demonstrated 
compliant coliform bacterial counts also dropped marginally for the water samples collected from the 
communal hand washing bowls before the hand washing ritual. In contrast, the drop in the number of 
compliant funerals was more dramatic for the coliform bacterial counts when compared to the drop in 
HPC values for the water samples collected from communal hand washing bowls after the hand 
washing ritual (Figure 4.2). This resulted in a substantial increase in the number of funerals that 
showed noncompliant coliform bacterial counts for water samples collected from the communal hand 
washing bowls before, as well as after the hand washing ritual. 
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Figure 4.2 Coliform bacteria number value distribution of water samples collected from  
  the yard tap, before and after hand washing ritual 
4.5 Enumeration of E. coli  
E. coli bacteria were enumerated for the all the water samples collected from the yard tap, and the 
hand washing ritual water sources. These enumerations were then compared to the prescribed limit 
of SANS 241:1 (SANS 2015), which states that E. coli bacteria should not be detected in a water 
sample. As expected, no E. coli were present in the yard tap water samples (Table 4.4). The pattern 
for the compliance percentages of the water samples collected from communal hand washing bowls 
before and after the hand washing ritual was similar to the patterns found for HPC and coliform 
bacterial counts. The compliance percentage of the water samples collected from communal hand 
washing bowls before the hand washing ritual commenced, declined by approximately 12%, when 
compared with the water samples collected from the yard tap. In contrast, the drop in the compliance 
percentage for the water samples collected from communal hand washing bowls after the hand 
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Table 4.4 Measurements of E. coli for yard tap water (control), before and after  
  hand washing 
Funeral number Yard tap water Before hand washing After hand washing 
1 0 1 120 1 553 
2 0 0 4 
3 0 0 5 
4 0 16 411 
5 0 0 0 
6 0 0 47 
7 0 0 2 
8 0 0 1 
9 0 0 1 
10 0 0 0 
11 0 0 0 
12 0 0 3 
13 0 0 4 
14 0 0 1 
15 0 1 3 
16 0 0 0 
17 0 0 1 
18 0 0 0 
19 0 0 6 
20 0 0 0 
21 0 0 0 
22 0 0 0 
23 0 7 4 
24 0 0 0 
25 0 0 0 
26 0 0 19 
27 0 0 0 
28 0 0 30 
29 0 0 0 
30 0 1 1 
31 0 0 0 
32 0 0 0 
33 0 0 1 274 
34 0 0 0 
35 0 0 0 
36 0 0 7 
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Funeral number Yard tap water Before hand washing After hand washing 
37 0 0 2 
38 0 0 0 
39 0 0 0 
40 0 0 0 
41 0 0 1 
42 0 0 1 
Minimum  0 0 0 
Maximum  0 1 120 1 553 
Mean 0 27 81 
Median 0 0 1 
Mode 0 0 0 
Range 0 1 120 1 553 
Standard 
Deviation 
0.0 172.7 309.8 
% Compliance 100.0 88.0 47.6 
 
A visual perspective of the E. coli count distribution of all the water samples is presented in a 
histogram. The pattern found for the E. coli counts was analogous to that of HPC and coliform bacterial 
counts. The number of noncompliant funerals rose substantially for the water samples collected from 
the hand washing ritual water bowls (Figure 4.3). 
 
Figure 4.3 E. coli bacteria number value distribution of water samples collected from  
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4.6 Discussion 
In this study, the yard tap water that was used to fill the communal hand washing bowls for the funeral 
hand washing rituals was safe; as indicated by the 100% compliance of all indicator organisms tested; 
when compared to the microbiological limits prescribed by SANS (2015). Furthermore, the 
measurements of free residual chlorine also indicated that the water that was used to fill the hand 
washing bowls were, for the most, safe with measurements equal or above the  SANS (2006) limit at 
62% of the funerals.  
After the communal hand washing bowls were filled with safe water from the yard tap and placed at 
the gate of a deceased’s house, this study revealed that in a number of incidences the water had 
become unsafe prior to the performance of the hand washing ritual. A number of factors could be 
responsible for rendering this water unsafe. These factors include contaminated communal hand 
washing bowls, the introduction of microorganisms from the hands of the handlers of the bowls, as 
well as dust from the environment. Coliform bacteria and E. coli were found in numbers above the 
limits in 21% and 12% of the funerals respectively. In particular, the water to be used in the hand 
washing rituals at two funerals (number 1 and 15) were highly contaminated, with exceptionally high 
coliform (funeral 1 = 2 420; funeral 15 = 15 531) and E. coli (funeral 1 = 1 120; funeral 15 = 1) counts.  
The water collected after the performance of the hand washing ritual was highly contaminated in most 
incidences. Coliform bacterial counts, as well as E. coli counts were above the SANS 241:1 (2006)  
limits at 98% and 52% of the funerals respectively. This strongly suggests the introduction of 
potentially harmful pathogens through the mourner’s contaminated hands. Furthermore, the absence 
of free residual chlorine could not provide disinfection security to the mourners participating in the 
hand washing ritual. Because African funerals are a community activity with many mourners 
participating in the hand washing ritual; pathogenic microorganisms may be introduced into the 
communal hand washing bowls as it is well-known that hands harbour microorganisms, which may be  
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of faecal origin (Bryn et al. 1995). Furthermore, mourners do not wash their hands for sanitation 
purposes after the hand washing ritual before eating the funeral meal and are thus at risk of ingesting 
pathogenic microorganisms whilst eating the funeral meal with their hands. Faecally derived 
microorganisms are one of the major causes of diarrhoeal type symptoms, which are particularly of 
concern in young children, the elderly and the immune-compromised attending a funeral. The results 
of this study support previous reports of mourners demonstrating symptoms of diarrhoeal related 
diseases after attending an African funeral (Hlungwani et al. 2010; Lamond & Kinyanjui 2012; Maletsky 
2007).  
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Chapter 5  
Health Potential Index of Ritual Water 
5.1 Introduction  
Water quality indexes have been used to communicate information on the quality of water for many 
years (Ramakrishnaiah et al. 2009; Yisa & Jimoh 2010). It was decided that a water quality 
assessment instrument should be developed to convey information about the potential health threat 
that the water sampled in this project, could pose on mourners. After reviewing the literature, the 
Weighted Arithmetic Index (WAI) of Ramakrishnaiah et al. (2009) was selected, revised and adjusted 
so that it could convey information about the potential health threat that the ritual water sampled could 
pose on mourners at the funerals visited in this project. This adjusted WAI is referred to as the Health 
Potential Index (HPI). 
5.2 Calculation of HPI values 
HPI values were calculated for the respective water samples collected at the 42 African funerals visited 
in this project. As expected, the yard tap water samples revealed, overall, low HPI values indicating 
that the water in the distribution system was safe (Table 5.1). The HPI values increased dramatically 
from the yard tap water samples to the ritual hand washing water samples collected before hand 
washing and after hand washing. The before hand washing water samples demonstrated a 2750× 
increase in the mean HPI values when compared to the HPI values of the yard tap water samples; 
while the after hand washing water samples showed a more than 3× increase in the mean HPI values 
when compared to the before hand washing water samples. These dramatic increases in HPI values 
are also demonstrated by the ranges in HPI values of the three water sampling groups. The maximum 
HPI value for the water samples collected before hand washing was approximately 6 000× greater 
than the maximum HPI value of the yard tap water samples; while the maximum HPI value of the water 
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samples collected after hand washing was more than 10 000× greater than the maximum HPI value 
of the yard tap water samples. Of the 42 funerals, only six (14.3%) funerals demonstrated relatively 
low HPI values for all three sampling groups with a difference ≤50 between the before and after hand 
washing sample groups. 












1 0 5 059.8 1 3043.1 7 983.3 
2 0 0.1 78.7 78.7 
3 0 0 72.8 72.8 
4 0 72.2 1 725.7 1 653.5 
5 0.1 2.0 1 060.9 1 058.9 
6 0 3.7 285.1 281.3 
7 0 0.6 17.7 17.1 
8 0 0.4 93.7 93.3 
9 0 0.2 19.8 19.6 
10 0 1.0 202.4 201.4 
11 0 0.6 50.6 50.0 
12 0 3.2 234.2 231.0 
13 0 61.3 588.0 526.7 
14 0.1 5.2 86.8 81.6 
15 0 5 948.6 9 085.3 3 136.8 
16 0.3 2.5 156.7 154.1 
17 0 0.1 22.1 22.1 
18 0.1 0.9 257.3 256.4 
19 0 3.5 141.1 137.6 
20 0 0.2 25.5 25.3 
21 0 0.5 90.1 89.6 
22 0 44.6 639.5 594.9 
23 1.0 77.3 613.5 536.3 
24 0 1.0 53.2 52.1 
25 0 0.4 88.1 87.7 
26 0 0.7 457.4 456.6 
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27 0.1 0.3 87.3 87.0 
28 0 1.5 1 867.5 1 866.0 
29 0.1 3.6 153.3 149.8 
30 0 8.2 3 328.1 3 319.9 
31 0 235.8 547.9 312.1 
32 0 6.4 151.2 144.7 
33 0 1.2 5 080.1 5 079.0 
34 0.8 1.1 1 299.0 1 297.9 
35 0 0.3 120.8 120.5 
36 0 0.7 50.8 50.1 
37 0 0.1 105.0 104.9 
38 0 0.2 10.3 10.1 
39 0 0.2 33.8 33.6 
40 0 0.2 215.9 215.7 
41 0 6.9 112.1 105.2 
42 0 0.5 51.9 215.7 
Mean 0.1 275.2 1 009.6 738.3 
Standard 
deviation 0.2 1 188.1 2 509.2 1 548.1 
Range 1.0 5 948.6 13 032.8 7 084.2 
Minimum 0.0 0 10.3 10.3 
Maximum 1.0 5 948.6 13 043.1 7 094.5 
* = After hand washing minus before hand washing (indicating the increase from HPI before hand washing to HPI after 
hand washing) 
To obtain a visual perspective of the HPI values calculated for the three water sample groups, a 
histogram was constructed. The histogram clearly shows that the HPI values of the yard tap water 
samples all fell within the interval of safe water (HPI values ≤50). The HPI values of the water samples 
collected before the hand washing ritual were largely safe, although a substantial number of samples 
did pose a health threat. This supports the earlier finding that communal hand washing bowls were 
contaminated before yard tap water was added for the hand washing ritual. The histogram further 
shows a substantial drop in the number of funerals that demonstrated HPI values for safe water in the 
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after hand washing water samples. This drop in the number of funerals was accompanied by an 
increase in the number of funerals demonstrating HPI values that are indicative of an intermediate 
(HPI values ≥50-100) or high (HPI values >100) health threat. 
 
Figure 5.1 HPI value distribution of water samples collected from the yard tap, before  
  and after hand washing ritual  
The HPI values of all the water sampling groups were classified using a three-point rating scale to 
ascertain what the potential health threat of the water of the three water sample groups was. The 
health potential threat rating disclosed that all the yard tap water samples did not pose a threat and 
that the water was safe (Table 5.2). In contrast, the before and after hand washing ritual water samples 
showed an increase in the number of samples that posed an intermediate or high health threat to the 
mourners. However, the increase in the number of samples posing a high threat was substantially 
greater in the after hand washing sample group (59.5%), when compared to the before hand washing 
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Number (%) of 
funerals 
Yard tap water 








No ≤50 42 (100) 36 (85.7) 6 (14.3) 
Intermediate  >50 –100 0 (0) 3 (7.1) 11 (26.2) 
High  >100 0 (0) 3 (7.1) 25 (59.5) 
 
5.3 Comparison of HPI values 
t-Tests were performed to ascertain if significance differences existed between the HPI values of the 
different water sample groups. The tests revealed that the HPI values of the yard tap water sample 
group did not differ significantly from the before hand washing ritual water sample group. In contrast, 
highly significant differences were detected between the HPI values of the yard tap water sample 
group and the after hand washing water sample group; as well as between the two ritual water sample 
groups.  
Table 5.3 t-Tests comparing HPI values of yard tap water and before and after hand  
  washing ritual water   
t-Test df t  p – value  
Yard tap water (control) vs. before hand washing 41 -1.5 0.0706 
Yard tap water (control) vs. after hand washing  41  -2.53 0.0077 
Before hand washing vs. after hand washing  41 -2.94 0.0027 
 
5.4 Discussion 
The application of a HPI to describe the potential health threat of water samples successfully 
differentiated between water samples that did not harbour a health threat from those that did. The 
water sampled from the yard tap was treated water supplied by the municipality, and as expected, 
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demonstrated the lowest HPI values and was thus deemed to be safe for use. The HPI further revealed 
the potential health threat posed by some of the water samples that were collected from the communal 
hand washing bowls before the commencement of the hand washing ritual. These water samples were 
indicative of contamination of the water by means of a prior contaminated communal hand washing 
bowl or through the handling of the bowls by the person preparing the ritual water. When a person, 
who is responsible for the preparation of the ritual water did not observe proper personal hygiene 
practices, a communal hand washing bowl may be contaminated via the hands of the preparer. 
However, some contamination of the ritual water in the communal hand washing bowls may be 
attributed to the surrounding environment, such as dust blown into a bowl from the environment, as 
well as from dirt collected in the bowls prior to their use. Furthermore, the HPI made it possible to 
identify the potential health threat that the hand washing rituals at African funerals posed to 
participating mourners. It strongly indicated that many mourners were responsible for the introduction 
of potentially harmful microorganisms into the ritual hand washing water. These microorganisms could 
then be ingested whilst the funeral meal was enjoyed by mourners; who traditionally eat the meal with 
their bare hands.  
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Chapter 6  
Discussion and Conclusions 
6.1 Introduction  
In many African cultures, rituals form a fundamental component of African life. At funerals various 
rituals are performed. One of these rituals involves the washing of hands in communal bowls before 
the funeral meal is enjoyed. Because the water used in the hand washing rituals is not replenished, it 
becomes a potential reservoir for the collection of microorganisms that are introduced from the hands 
of mourners whilst washing their hands in such communal hand washing bowls. These 
microorganisms may be pathogenic and could be transferred to the hands of succeeding mourners 
that wash their hand in the same communal hand washing bowl. Furthermore, mourners eat the 
funeral meal with their air dried hands that may be contaminated with pathogens and are thus at risk 
of ingesting pathogens whilst eating the funeral meal (Redway & Fawdar 2008; Smith & Lokhorst 
2009).  
Several instances of mourners becoming ill after attending African funerals have been reported  
(Maletsky 2007; Hlungwani et al. 2010; Lamond & Kinyanjui 2012). On the 19th of June 2010, funeral 
attendees of the Tshivhilwi village in the province of Limpopo, developed gastrointestinal symptoms 
after consuming food served at a funeral (Hlungwani et al. 2010). In Namibia, cholera was confirmed 
in two people after attending a funeral (Maletsky 2007). This study was thus undertaken to obtain a 
better understanding of the potential contribution of contaminated ritual hand washing water to disease 
development in mourners attending African funerals. Water quality of water samples collected from 
the water supply tap and the communal hand washing bowls before and after the hand washing ritual 
at 42 African funerals in the Mangaung Metropolitan Municipal area of South Africa, were analysed. 
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6.2 Potential threat facing mourners attending African funerals 
A health potential index (HPI) was developed to reflect the health potential threat of water in the 
communal hand washing bowls at African funerals. This index was developed using the Weighted 
Arithmetic Index method of Ramakrishnaiah et al. (2009) as the basis of the HPI. The HPI calculates 
a single value indicating the potential health threat of a water sample by integrating the measurements 
of the water quality parameters, namely, total number of aerobic bacteria, number of coliform bacteria 
and number of E. coli present in a water sample. As expected, the treated municipal water collected 
from the yard taps at the 42 funerals displayed low HPI values (≤1.0), indicating that the water in the 
distribution systems that was used to fill communal hand washing bowls, was safe. In contrast, the 
HPI values of the water samples taken from the communal hand washing bowls were substantially 
higher than those water samples collected from the yard taps. Samples taken from communal hand 
washing bowls after the hand washing ritual showed much greater HPI values, ranging from 
approximately 10 to 13 000 when compared to the HPI values of the water samples taken before the 
hand washing rituals, which displayed HPI values ranging from zero to approximately 6 000. The 
relatively high HPI values recorded for the water samples collected from the communal hand washing 
bowls prior to hand washing is clearly indicative of the introduction of microorganisms via other means 
besides mourner’s hands. These microorganisms may have originated from the bowls themselves or 
from the hands of the women preparing the communal hand washing water bowls, or from the 
environment. The substantial increase in the HPI values of the water samples collected from the 
communal hand washing bowls after hand washing, indicates that mourners also introduce high 
numbers of microorganisms into the water. Because the time lapse from the inception of the hand 
washing rituals to their completion was less than two hours, it can be assumed that the growth in 
microbial populations during this time had a negligible effect on the measurements recorded.  
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A rating scale of the health potential threat was developed to classify the HPI values according to their 
potential threat to the mourners. This three-point rating scale classifies an HPI value as having no 
health potential threat, intermediate health potential threat or a high health potential threat to the 
mourners washing their hands in the communal hand washing bowls. According to this rating scale, 
the municipal tap water collected at all the funerals was safe and did not pose a risk to the mourners. 
In contrast, the water in the communal hand washing bowls collected prior to the hand washing rituals 
possessed a prior health risk at 14% of the funerals before the hand washing rituals commenced. Of 
these funerals, half of the water samples posed a high health threat. The health potential threat of the 
water collected after the hand washing rituals increased dramatically. These water samples posed a 
health threat to the mourners at 35 of the 42 funerals, of which the health threat was high at 26 of 
these funerals. 
In this study, two funerals (1 and 15) showed exceptionally high HPC values for their water samples 
that were collected from the communal hand washing bowls before the commencement of the hand 
washing ritual. These funerals also demonstrated high levels of coliform bacteria indicating the poor 
sanitary quality of the water. They also demonstrated high levels of E. coli, which confirmed 
contamination of faecal origin (Kilb et al. 2003; Fatemeh et al. 2014). Three other funerals (4, 23 and 
30) also demonstrated high levels of coliform bacteria and E. coli. This evidence strongly supports the 
notion that a human factor contributed to the contamination of these ritual water samples. This 
contamination can only be attributed to one or more people handling the communal hand washing 
bowls before or during the preparation of the bowls for the hand washing ritual. The high levels of 
faecally derived microorganisms in these prepared ritual water samples are indicative of a lack of 
proper hand hygiene practices by the people handling the communal hand washing bowls (Anargh et 
al. 2013; Ataei et al. 2013; FitzGerald et al. 2013).  
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When the measurements of all the microbial analyses of the water samples collected from the 
communal hand washing bowls before the commencement of the hand washing ritual were compared 
to those collected after the hand washing ritual, dramatic increases in all measurements were 
encountered. For the water samples collected from the communal hand washing bowls before the 
commencement of the hand washing ritual, 4.8% of funerals demonstrated non-compliant HPC 
measurements; while 11.9% of the funerals showed non-compliant measurements for both coliform 
bacteria and E. coli. In contrast, for the water samples collected after the hand washing ritual, 54.8% 
of the funerals were non-compliant for HPC; 97.6% were non-compliant for coliform bacteria and 
52.3% were non-compliant for the presence of E. coli. It can therefore be concluded that numerous 
microorganisms were introduced into the hand washing ritual water by the hands of mourners during 
the hand washing ritual. The high levels of faecally derived microorganisms are indicative of potential 
harmful pathogens. This evidence further supports the idea that proper hand hygiene practices were 
not observed by a large number of mourners. 
Several studies have shown that mourners become ill after attending an African funeral. A person 
became ill after attending a funeral in the Tshivhilwi village of the Limpopo Province, on 19 June 2010 
(Hlungwani et al. 2010). This person developed diarrhoea, nausea, vomiting, fever, headache and 
myalgia. In 2007, a funeral hand washing ritual in the Ohangwena Region of Namibia was linked to 
cholera (Maletsky 2007). Four people died and more than 20 others had to receive medical treatment 
after attending the same funeral. The evidence provided by this study supports the notion that poor 
hand hygiene practices could contaminate ritual water during hand washing rituals. Because mourners 
allow their hands to air dry and then eat the funeral meal with their bare hands, they may be at risk of 
ingesting pathogenic microorganisms, which could lead to illness.  
One of the major categories of disease that can be linked to potential disease development after 
attending an African funeral is diarrhoea. The disease category referred to as diarrhoea includes a 
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number of severe diseases, such as cholera, typhoid fever and shigellosis (bacillary dysentery). 
Cholera is caused by the pathogen Vibrio cholera, typhoid fever by Salmonella typhi and shigellosis 
by Shigella sonnei, S. flexineri, S.  boydii and S.  dysenteriae. Worldwide, 88% of diarrhoeal cases 
can be attributed to the use of contaminated water that results in approximately 1.5 million deaths 
each year; most being the deaths of children, the elderly and the immune-compromised (Prüss-Üstün 
et al. 2008). In South Africa the high rates of immune-compromised people suffering with HIV/AIDS 
and tuberculosis (TB) are of particular concern (Keddy et al. 2012). The prevalence estimates of the 
number of people living with HIV has increased from an estimated 4.02 million people in 2002 to 6.19 
million people in 2015 (Statistics South Africa 2015). The WHO estimates that about 330 000 people 
have both HIV and TB infection (“World TB Day 2016” 2016).  
Diarrhoeal-related diseases are mainly caused by the ingestion of the pathogens, which are all related 
to the faecal-oral transmission pathways. Inadequate sanitation, as well as insufficient and poor 
hygiene promote the transmission of these pathogens via the ritual water to the hands of mourners 
participating in hand washing rituals at African funerals (Ezzati et al. 2004; Prüss-Üstün et al. 2008; 
Kortenbout et al. 2009). Although E. coli O157:H7, that may also cause diarrhoea, is transmitted to 
humans primarily through consumption of contaminated foods, such as raw or undercooked ground 
meat products and raw milk; faecal contamination of water may also lead to infection (WHO 2016). 
6.3 Concluding remarks 
Funeral gatherings in African cultures remain a major feature in the lives of all African people. 
Mourners who attend African funerals come long distances to pay their respects to the dead and also 
console the bereaved. This study strongly suggests that hand washing ritual practices at African 
funerals have the potential for disease transmission convergence (Lamond & Kinyanjui 2012). It has 
been shown in this study that disease transmission could be linked to poor sanitation and poor 
personal hygiene practices. This puts mourners in a vulnerable position, thus some or other 
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intervention could contribute to improve the safety of mourners during their participation in these ritual 
practices. Because of the importance of African rituals, any intervention should take in consideration 
the sensitivity and importance of these rituals to African people. Some success has been achieved by 
community awareness campaigns highlighting the implications of poor sanitation and hygiene 
practices in hand washing rituals in other countries (Lamond & Kinyanjui 2012).  Therefore, by devising 
an awareness intervention promoting good sanitation and hygiene practices could safeguard 
mourners against disease transmission at funerals. Such an intervention could achieve results by 
working through diverse media outlets, as well as through community and religious leaders. Local 
environmental health practitioners could also be recruited to facilitate the awareness of good sanitation 
and hygiene practices in their health promotion programmes. 
6.4 Future prospects 
This study did not focus on the potential role of food preparation and the transmission of disease at 
African funerals. It is thus suggested that studies should be conducted to research this aspect at 
African funerals. Furthermore, more studies are needed to ascertain which pathogens are mostly 
involved in disease development during ritual practices at African funerals. Furthermore, because this 
study focused mainly on funerals in and around a major town, the water used to fill the ritual bowls 
were in all instances treated municipal water. In the rural setting, access to treated water is limited and 
river water is often used to fill the bowls at African funerals. The high levels of microorganisms found 
in this study thus necessitates a study in a more rural setting, where untreated water is mostly used 
for hand washing ritual practices. 
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